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FOREWORD 


In  conducting  the  research  described  in  this  report,  the  investigators 
adhered  to  the  ’’Guide  for  Care  and  Use  of  Laboratory  Animals,”  prepared  by 
the  Committee  on  Care  and  Use  of  Laboratory  Animals  of  the  Institute  of 
Laboratory  Animal  Resources,  National  Research  Council  [DHEW  Publication 
No.  (NIH)  78-23,  1978]. 
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SUMMARY 


Studies  were  performed  to  further  investigate  two  abnormalities  of  host 
defense  in  burned  patients,  i.e.,  serum-mediated  inhibition  of  polymorpho¬ 
nuclear  leukocyte  bactericidal  activity  and  reduction  in  alternative  comple¬ 
ment  pathway  mediated  C3  conversion.  In  addition,  studies  were  initiated 
to  determine  the  association  between  colonization  of  body  surfaces  with 
Candida,  the  presence  of  Candida  antigenemia,  and  the  occurrence  of  systemic 
candidosis. 

Serum-mediated  inhibition  of  polymorphonuclear  leukocyte  bactericidal 
activity  was  demonstrated  in  3  of  12  burned  patients  during  13  to  56  days 
postburn.  Decreased  bactericidal  activity  was  related  to  an  inhibitory  ef¬ 
fect  of  the  bum  sera  on  the  phagocytic  process.  The  inhibitory  effect  was 
shown  to  involve  a  direct  interaction  of  the  burn  sera  with  the  leukocytes, 
which  was  not  associated  with  cell  death  and  was  not  reversed  by  washing 
of  the  leukocytes.  The  reduction  in  alternative  pathway  mediated  C3  conver¬ 
sion  was  demonstrated  in  18  patients  with  total  burn  sizes  of  20%  or  greater, 
with  the  most  marked  reduction  occurring  in  patients  with  large  full-thick¬ 
ness  injuries  and  infectious  complications.  Dialysis  of  the  burn  sera  was 
shown  to  correct  the  reduction  in  C3  conversion,  suggesting  that  this  abnor¬ 
mality  was  caused  by  a  dialyzable  low  molecular  weight  inhibitor.  In 
contrast,  the  burn  serum  inhibitor  of  polymorphonuclear  leukocyte  phagocy¬ 
tosis  was  shown  to  be  non-dialyzable.  It  is  postulated  that  the  burn  serum 
inhibitors,  although  distinct  from  each  other,  may  mediate  multiple  host 
defense  abnormalities. 

Systemic  candidosis  occurring  in  2  of  8  hyperalimented  burned  patients 
was  associated  with  catheter  and  catheter  insertion  site  colonization  with 
Candida  and  Candida  antigenemia  as  detected  by  the  inhibition  enzyme-linked 
immunosorbent  assay.  The  mouth  appeared  to  be  the  primary  reservoir  for 
Candida  providing  a  source  of  Candida  for  colonization  of  the  catheter  in¬ 
sertion  site.  Rectal  and  burn  wound  colonization  were  not  associated  with 
the  development  of  systemic  candidosis  unless  concurrent  catheter  and 
catheter  insertion  site  colonization  were  documented. 
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I .  ORIGINAL  OBJECTIVES 


A.  To  determine  the  occurrence  and  duration  of  the  inhibitory  effect 
of  burn  sera  on  polymorphonuclear  leukocyte  (PMN)  bactericidal 
activity. 

B.  To  provide  additional  experimental  evidence  to  confirm  the  observa¬ 
tion  that  the  inhibition  of  PMN  bactericidal  activity  is  not  caused 
by  deficient  opsonization  of  the  bacteria  by  the  burn  sera. 

C.  To  determine  if  the  inhibition  of  PMN  bactericidal  activity  is  re¬ 
lated  to  an  effect  of  the  bum  sera  on  phagocytosis  or  intracellu¬ 
lar  killing  or  both  processes. 

D.  To  determine  if  the  inhibition  of  PMN  bactericidal  activity  is  re¬ 
lated  to  a  toxic  effect  of  the  burn  sera  on  the  leukocytes. 

E.  To  reinvestigate  the  relationship  between  the  reduction  in  alterna¬ 
tive  complement  pathway  mediated  C3  conversion,  bum  size,  and  the 
occurrence  of  bacteremia  in  burned  patients. 

F.  To  partially  characterize  the  inhibitor  of  C3  conversion  in  burn  sera. 

G.  To  determine  the  temporal  relationship  between  colonization  of  body 
surfaces  with  Candida  and  the  development  of  systemic  candidosis  in 
burned  patients  receiving  total  parenteral  nutrition  (TPN) . 

H.  To  evaluate  the  diagnostic  efficacy  of  the  enzyme-linked  immunosor¬ 
bent  assay  (ELISA)  for  the  early  detection  of  systemic  candidosis 
in  burned  patients  receiving  TPN. 

II.  BACKGROUND 


A.  Inhibitory  effect  of  bum  sera  on  PMN  bactericidal  activity 

In  our  previous  studies  to  determine  the  opsonic  activity  of  bacter- 
emic  burned  patients1  sera  for  their  infecting  bacterial  strains  (1-3),  an 
in  vitro  bactericidal  assay  consisting  of  combinations  of  bacteria,  serum, 
and  normal  human  PMNs  was  utilized.  The  serum  concentrations  ranged  from 
1%  to  10%  and  were  based  on  the  minimal  concentration  of  pooled  normal  human 
serum  which  promoted  optimal  phagocytosis  and  in tracellular  killing  of  each 
bacterial  strain  by  the  leukocytes.  This  experimental  approach  maximized 
the  possibility  of  demonstrating  decreased  opsonic  activity  in  the  burn  sera. 
However,  reduction  in  opsonic  activity  was  demonstrated  in  only  3  of  28 
patients . 

Before  ruling  out  the  possibility  that  burn  sera  had  an  inhibitory  ef¬ 
fect  on  PMN  bactericidal  activity,  phagocytosis  and  intracellular  killing 
of  bacteria  by  normal  human  PMNs  was  measured  in  the  presence  of  a  physiol¬ 
ogic  concentration  of  burn  serum  or  pooled  normal  human  serum.  The  results 
were  compared  to  those  obtained  from  assays  in  which  10%  of  the  sera  was 
employed . 
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These  preliminary  experiments  were  performed  on  a  3-year-old  female 
with  40%  total  body  surface  burn  and  33%  third  degree  injury,  who  had  bac¬ 
teremia  caused  by  Staphylococcus  aureus  during  her  clinical  course.  Because 
of  the  need  to  use  large  quantities  of  sera  in  the  assays,  serial  serum 
samples  obtained  from  the  patient  at  weekly  intervals  were  pooled.  Prior 
to  testing,  the  pooled  burn  serum  and  normal  serum  were  dialyzed  for  18 
hours  at  4°C  against  0.01  M  phosphate  buffered  saline,  pH  7.4,  containing 
1.5  x  10-4  M  CaCl2  and  5.0  x  10"4  M  MgCl2  (PBS2+)  using  12,000  molecular 
weight  retention  dialysis  tubing.  The  dialysis  procedure  was  performed  to 
insure  that  antibiotics,  which  would  result  in  killing  of  the  bacteria  in 
the  absence  of  PMNs ,  were  removed  from  the  burn  serum. 

The  patient’s  serum  promoted  normal  phagocytosis  and  killing  of  her 
infecting  S^.  aureus  strain  by  the  PMNs  when  tested  at  a  concentration  of 
10%.  However,  when  the  concentration  of  sera  in  the  bactericidal  assays 
was  increased  to  98%,  the  patient* s  serum  was  unable  to  support  phagocyto¬ 
sis  and  killing  of  the  bacteria  by  the  PMNs.  The  normal  serum  promoted 
over  a  1-log  reduction  in  bacterial  counts  by  the  PMNs  at  concentrations 
of  10%  and  98%.  Killing  of  the  bacteria  was  not  demonstrated  in  the  pres¬ 
ence  of  patient’s  or  normal  serum  in  the  absence  of  PMNs,  or  by  PMNs  in 
the  absence  of  serum.  These  results  indicated  that  the  patient’s  serum  had 
an  inhibitory  effect  on  PMN  bactericidal  activity  when  tested  at  a  physiol¬ 
ogic  concentration. 

To  determine  if  the  inhibition  of  PMN  bactericidal  activity  was  related 
to  deficient  opsonization  of  the  bacteria  by  the  burn  serum,  the  bacteria 
were  incubated  with  98%  of  burn  serum  or  normal  serum,  washed,  and  then 
tested  for  their  ability  to  be  phagocytosed  and  killed  intracellular ly  by 
the  PMNs.  Bacteria  opsonized  with  the  patient’s  serum  were  phagocytosed 
and  killed  as  efficiently  as  bacteria  opsonized  with  the  normal  serum. 
Phagocytosis  and  killing  of  bacteria  opsonized  with  diluent  without  serum 
was  not  demonstrated.  These  results  suggested  that  the  inhibition  of  PMN 
bactericidal  activity  was  not  related  to  deficient  opsonization  of  the  bac¬ 
teria  by  the  burn  serum. 

B.  Reduction  in  alternative  complement  pathway  mediated  C3  conversion 
following  burn  injury 

In  1976,  we  reported  that  C3  conversion  by  inulin,  a  recognized  ac¬ 
tivating  substance  of  the  alternative  complement  pathway,  was  significantly 
reduced  in  multiple  serum  samples  obtained  from  5  burned  patients  in  com¬ 
parison  to  C3  conversion  by  inulin  in  normal  human  sera  (4).  Our  subsequent 
studies  on  a  total  of  50  burned  patients  confirmed  the  existence  of  this  ab¬ 
normality  in  patients  with  burns  involving  greater  than  45%  total  body  sur¬ 
face  (1-3,5).  Reduction  in  C3  conversion  in  these  patients  was  demonstrated 
during  the  early  acute  burn  phase  and  was  generally  normalized  by  the  seventh 
postburn  week  (1-3,5).  The  duration  of  the  reduction  In  C3  conversion  was 
correlated  with  increasing  burn  size  (5) .  Decreased  C3  conversion  occurred 
with  the  same  frequency  in  young  and  older  burned  patients  and  in  bacteremic 
and  non-bacteremic  patients  (1-3,5) . 

Extensive  studies  have  been  performed  in  our  laboratory  to  determine  the 
mechanism  of  the  reduction  in  alternative  complement  pathway  mediated  C3 
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conversion  in  burn  sera.  Our  initial  experimental  approach  to  this  prob¬ 
lem  was  to  determine  the  ability  of  pooled  normal  human  serum  to  restore 
C3  conversion  in  the  burn  sera.  Mixture  of  equal  parts  of  bum  sera  with 
reduced  C3  conversion  and  pooled  normal  human  serum  did  not  restore  C3 
conversion  to  normal  (4,5).  These  preliminary  results  suggested  that  re¬ 
duction  in  C3  conversion  in  the  bum  sera  might  be  caused  by  a  circulating 
inhibitor . 

The  hypothesis  that  reduction  in  C3  conversion  in  the  bum  sera  was 
caused  by  an  inhibitor  was  tested  experimentally  (Annual  Summary  Report, 
June,  1977).  Burn  sera  with  normal  or  reduced  C3  conversion  were  tested 
for  their  ability  to  inhibit  C3  conversion  in  pooled  normal  human  serum. 
None  of  the  bum  sera  with  normal  C3  conversion  inhibited  C3  conversion 
to  any  extent  when  added  in  increasing  concentrations  to  the  normal  serum. 
Several  of  the  burn  sera  with  reduced  C3  conversion  inhibited  C3  conver¬ 
sion  when  added  to  the  normal  serum,  whereas  other  burn  sera  with  reduced 
C3  conversion  had  no  inhibitory  activity.  When  the  grouped  data  were  sub¬ 
jected  to  statistical  analysis,  the  differences  in  inhibition  of  C3  con¬ 
version  by  burn  sera  with  reduced  versus  normal  C3  conversion  were  not 
found  to  be  significant.  In  addition,  the  values  obtained  when  equal  parts 
of  bum  sera  and  pooled  normal  human  serum  were  added  together  were  not 
considerably  lower  than  those  obtained  when  complement  deficient  control 
sera  were  added  to  pooled  normal  human  serum.  These  results  suggested 
that  reduction  in  C3  conversion  in  the  burn  sera  might  be  caused  by  a  de¬ 
ficiency  of  serum  proteins,  by  an  inhibitor  of  C3  conversion  which  had 
been  diluted  by  mixture  with  normal  serum,  or  by  elevation  of  normal  regu¬ 
latory  proteins  of  the  alternative  complement  pathway,  81H  or  C3b  inacti¬ 
vator  (C3bINA). 

Subsequent  studies  failed  to  demonstrate  a  correlation  between  reduc¬ 
tion  in  C3  conversion  and  elevation  of  £1H  or  C3bINA,  or  both  proteins, 
in  multiple  burn  sera  (Annual  Summary  Report,  June,  1978).  This  observa¬ 
tion  suggested  that  reduction  in  C3  conversion  was  not  caused  by  elevation 
of  these  regulatory  proteins. 

In  all  of  the  studies  described  above,  alternative  pathway  mediated 
C3  conversion  had  been  measured  in  sera  which  had  been  tested  concurrently 
for  opsonic  activity.  Because  antibiotics  had  to  be  removed  from  the 
sera  prior  to  use  in  the  opsonic  assays,  the  sera  had  been  dialyzed  for 
18  hours  at  4°C  against  PBS2+.  During  the  last  contract  period,  C3  con¬ 
version  in  non-dialyzed  and  dialyzed  burn  sera  was  compared.  The  results 
showed  that  dialysis  using  3,500  or  12,000  molecular  weight  retention 
dialysis  tubing  partially  corrected  the  reduction  in  C3  conversion  (Annual 
Summary  Report,  June,  1979).  A  second  dialysis  of  the  burn  sera  further 
improved  C3  conversion.  Incubation  of  the  bum  sera  at  4°C  for  18  hours 
without  dialysis  did  not  affect  C3  conversion.  These  results  suggested 
that  the  reduction  in  C3  conversion  might  be  caused  by  a  dialyzable  inhib¬ 
itor  with  a  molecular  weight  of  less  than  3,500  daltons. 

Since  magnesium  ions  are  known  to  be  required  for  alternative  comple¬ 
ment  pathway  mediated  C3  conversion,  the  possibility  was  considered  that 
an  abnormal  concentration  of  magnesium  ions  in  the  bum  sera  might  have 
caused  the  reduction  in  C3  conversion.  Dialysis  of  the  sera  would  have 
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standardized  the  concentration  of  magnesium  ions,  perhaps  providing  the 
ionic  environment  required  for  normal  C3  conversion.  However,  the  concen¬ 
tration  of  magnesium  ions  in  non-dialyzed  bum  sera  was  found  to  be  normal, 
suggesting  that  reduction  in  C3  conversion  was  not  caused  by  an  abnormal 
concen trat ion  of  these  ions. 

The  observation  that  dialysis  of  burn  sera  improved  C3  conversion  sug¬ 
gested  that  reduction  in  C3  conversion  in  certain  burned  patients  was 
probably  missed  in  our  previous  studies,  in  which  only  dialvzed  sera  were 
tested.  This  is  perhaps  most  relevant  to  patients  with  burns  involving 
less  than  45%  total  body  surface,  who  were  previously  shown  to  have  no 
demonstrable  reduction  in  C3  conversion  (5).  In  addition,  the  use  of 
dialyzed  sera  in  our  previous  investigations  precludes  any  contusions 
regarding  the  relationship  between  the  duration  of  the  reduction  in  C3 
conversion,  bum  size,  and  the  occurrence  of  bacteremia.  Moreover,  the 
inability  to  demonstrate  a  significant  inhibition  of  C3  conversion  by  sup¬ 
plementation  of  normal  serum  with  burn  sera  might  also  have  been  related 
to  the  use  of  dialyzed  burn  sera  which  lacked  a  full  component  of  inhibi¬ 
tory  activity. 

C .  Occurrence  of  Candida  infections  in  burned  patients  and  serodiag- 

nosis 

In  recent  years,  wound  and  disseminated  infections  caused  by  Can¬ 
dida  have  emerged  as  a  major  problem  in  burned  patients  (6-10).  Multiple 
factors  have  contributed  to  the  increased  incidence  of  infections  caused 
by  this  opportunistic  pathogen.  The  widespread  use  of  topical  and  systemic 
antibiotics,  while  leading  to  better  control  of  bacterial  infections,  mav 
predispose  the  burned  patient  to  fungal  infections  by  altering  the  autoch¬ 
thonous  microbial  flora  (6,11).  Advances  in  the  treatment  of  patients  with 
severe  burns  have  resulted  in  the  survival  of  patients  with  large  tissue 
defects,  which  may  serve  as  portals  of  entry  for  Candida  (9,10).  The  use 
of  peripheral  intravenous  catheters  and,  more  recently,  central  catheters 
for  the  administration  of  TPN  has  also  been  associated  with  an  increased 
incidence  of  Candida  infection  in  the  burned  (12,13)  and  unburned  patient 
(14,15). 

Little  is  known  regarding  the  pathogenesis  of  Candida  burn  wound  in¬ 
fections  and  disseminated  disease  caused  by  this  fungus  in  the  burned 
patient.  Although  Candida  are  distributed  ubiquitously  throughout  the 
environment  (16)  ,  the  most  important  source  of  Candida  in  human  infections 
appears  to  be  man  himself  (17).  Of  the  many  sites  in  the  body  in  which 
Candida  has  been  demonstrated,  the  digestive  tract  appears  to  be  the  most 
frequent  and  clinically  important  habitat  (18).  From  this  source,  the 
yeasts  may  readily  colonize  areas  of  the  skin,  the  respiratory  tract,  or 
urogenital  tract  that  are  favorable  to  their  multiplication .  The  ubiquity 
of  Candida  in  the  normal  human  microflora  provides  a  natural  reservoir  of 
these  fungi,  which  are  able  to  cause  infection  when  host  defenses  are  im¬ 
paired  as  is  the  case  in  the  burned  patient. 


In  systemic  forms  of  candidosis,  clinical  evidence  suggests  that  ini¬ 
tial  access  to  deep  organs  is  usually  gained  by  the  hematogenous  route 


(18-20).  Persorption  of  Candida  albicans  from  the  gut  into  the  bloodstream 
has  been  demonstrated  in  monkeys,  dogs,  germ-free  mice,  and  a  human  vol¬ 
unteer  (20-22) .  This  route  appears  to  be  important  only  when  the  numbers 
of  Candida  exceed  a  threshold,  which  has  been  shown  to  vary  among  animal 
species  and  may  be  lowered  in  debilitated  subjects  (20,21).  Stone  has 
demonstrated  that  intact  skin  and  granulating  wounds  provide  an  effective 
barrier  to  invasion  by  C.  albicans  (19).  Violation  of  the  integrity  of 
the  skin  or  granulating  wounds  by  intravenous  catheters  may  provide  Candida 
with  a  direct  conduit  into  the  circulation.  If  the  infected  catheter  is 
removed  early,  the  fungemia  will  be  self-limiting  in  many  cases  (23,24). 
However,  it  is  not  known  whether  a  threshold  number  of  Candida  colonizing 
a  catheter  insertion  site  are  required  before  invasion  of  the  bloodstream 
occurs.  Data  regarding  the  numbers  of  Candida  at  the  catheter  insertion 
site  associated  with  bloodstream  invasion  would  prove  useful  in  monitoring 
burned  patients,  who  often  require  multiple  catheters  over  prolonged  peri¬ 
ods  of  time  for  fluid  resuscitation  as  well  as  for  nutritional  support. 

The  rapid  diagnosis  of  systemic  candidosis  is  essential,  since  pa¬ 
tients  with  compromised  host  defenses  may  die  within  a  short  period  of 
time  unless  anti-Candida  chemotherapy  is  instituted  (25).  The  antifungal 
agent  which  has  been  shown  to  be  most  effective  for  therapy  of  systemic 
candidosis  is  amphotericin  B,  a  drug  that  is  so  toxic  that  a  firm  diagno¬ 
sis  of  candidosis  should  be  established  before  treatment  with  this  drug 
is  initiated  (26).  However,  clinical  and  mycological  features  of  deep- 
seated  forms  of  candidosis  alone  frequently  provide  evidence  that  is  too 
equivocal  for  a  definitive  diagnosis  (27). 

The  problems  associated  with  establishing  a  firm  diagnosis  of  systemic 
candidosis  have  stimulated  the  search  for  non-invasive  techniques  for  ac¬ 
curate  diagnosis.  A  variety  of  serologic  tests  have  been  developed  for  the 
detection  of  antibodies  to  Candida  in  the  sera  of  patients  with  systemic 
candidosis  (27,28).  Counterimmunoelectro phoresis  utilizing  Candida  "cyto¬ 
plasmic”  antigens  for  detecting  specific  antibodies  is  currently  widely 
used  for  diagnostic  purposes  (27).  However,  Kozinn  et  al . ,  in  an  analysis 
of  their  own  and  other  data,  showed  that  the  sensitivity  of  this  assay 
ranged  from  27%  to  100%;  its  specificity  ranged  from  57%  to  96%,  and  its 
predictive  value  ranged  from  20%  to  90%  (29)  .  The  low  figures  in  this 
analysis  were  attributed  to  the  lack  of  standardization  in  both  the  test 
methodology  and  the  antigens  used.  The  usefulness  of  serologic  tests  for 
the  detection  of  anti-Candida  antibodies  in  the  diagnosis  of  candidosis 
is  further  compromised  by  false  positive  reactions  (27). 

An  alternative  approach  to  the  diagnosis  of  systemic  candidosis  in¬ 
volves  the  chemical  or  immunologic  detection  of  fungal  cell  antigens  or 
metabolites  in  patients’  sera.  Crossed  immunoelectro phoresis  (30),  a 
hemagglutination  inhibition  assay  (31),  gas-liquid  chromatography  (32,33), 
radioimmunoassay  (34,35),  and  ELISA  (36-39)  have  been  used  for  the  detec¬ 
tion  of  Candida  antigens  in  establishing  a  diagnosis  of  systemic  candid¬ 
osis  in  patients  with  various  diseases;  however,  these  tests  have  not  yet 
been  evaluated  in  the  burned  patient.  The  use  of  an  enzyme  as  a  marker 
gives  the  ELISA  a  sensitivity  comparable  to  that  of  radioimmunoassay,  but 
with  stable  reagents  and  simple  equipment  required  for  analysis  (40) .  In 
addition,  the  ELISA  is  suitable  for  automation,  which  would  be  an  advantage 
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in  routine  diagnostic  work.  Moreover,  detection  of  circulating  antigen 
by  the  ELISA  or  other  methods  does  not  depend  on  the  host’s  immunologic 
responsiveness,  which  may  be  severely  depressed  in  the  burned  patient. 


Ill .  EXPERIMENTAL  APPROACH 


Studies  in  the  three  areas  of  burn  research  which  were  presented 
in  the  preceding  section  of  this  report  were  to  be  performed  during  the 
project  period.  Fifteen  to  20  burned  patients  were  to  be  studied.  Sera 
were  to  be  collected  weekly  on  all  of  the  patients  for  6  to  8  weeks  post¬ 
burn.  During  episodes  of  bacteremia,  sera  were  to  be  obtained  one  addi¬ 
tional  time  per  week.  Bacteremic  patients  were  to  be  included  in  the 
studies  on  serum-mediated  inhibition  of  PMN  bactericidal  activity,  and 
both  bacteremic  and  non-bac teremic  patients  were  to  be  included  in  the 
studies  on  the  reduction  in  alternative  complement  pathway  mediated  C3 
conversion.  The  studies  on  colonization  with  Candida  and  serodiagnosis 
were  to  be  performed  on  10  burned  patients  receiving  TPN. 

To  determine  the  occurrence  and  duration  of  the  inhibitory  effect  of 
burn  sera  on  PMN  bactericidal  activity,  serial  serum  samples  from  each 
bacteremic  burned  patient  were  to  be  tested  at  a  physiologic  concentration 
for  their  ability  to  support  phagocytosis  and  intracellular  killing  of 
that  patient's  infecting  bacterial  strain  by  normal  human  PMNs  in  compari¬ 
son  to  pooled  normal  human  serum.  Patients  whose  sera  inhibited  PMN  bac¬ 
tericidal  activity  were  to  be  included  in  subsequent  experiments  to  de¬ 
termine  if  the  inhibition  was  related  to  an  effect  of  the  burn  sera  on  the 
opsonization,  phagocytosis,  or  intracellular  killing  processes  or  to  a 
toxic  effect  of  the  burn  sera  on  the  leukocytes.  Individual  sera  which 
were  shown  to  inhibit  PMN  bactericidal  activity  were  to  be  pooled  on  each 
patient.  Each  patient's  infecting  bacterial  strain  was  to  be  incubated 
with  a  physiologic  concentration  of  that  patient's  pooled  serum  or  pooled 
normal  human  serum.  The  bacteria  were  to  be  washed  and  then  tested  for 
their  ability  to  be  phagocytosed  and  killed  intracellularly  by  normal  PMNs. 
Extracellular  and  total  surviving  bacterial  counts  were  to  be  compared  in 
reaction  mixtures  consisting  of  a  physiologic  concentration  of  each  pa¬ 
tient's  pooled  serum,  normal  PMNs,  and  that  patient's  infecting  bacterial 
strain.  In  addition,  normal  PMNs  were  to  be  incubated  with  a  physiologic 
concentration  of  each  patient's  pooled  serum,  and  viability  was  to  be 
measured  by  trypan  blue  dye  exclusion. 

To  reinvestigate  the  relationship  between  the  reduction  in  alternative 
complement  pathway  mediated  C3  conversion,  bum  size,  and  the  occurrence 
of  bacteremia,  C3  conversion  by  inulin  and  cobra  venom  factor  (CoVF)  was 
to  be  measured  in  non-dialyzed  serial  serum  samples  obtained  from  the  bac¬ 
teremic  and  non-bac teremic  burned  patients.  Patients  with  burns  involving 
less  than  45%  total  body  surface  were  to  be  included  in  this  aspect  of  the 
investigation  for  the  purpose  of  documenting  the  presence  or  absence  of  the 
abnormality  in  this  patient  population. 

The  inhibitor  of  C3  conversion  in  burn  sera  was  to  be  partially  charac¬ 
terized  by  the  following  series  of  experiments.  Individual  sera  which 
were  shown  to  have  reduced  C3  conversion  were  to  be  pooled  on  each  of  5 
patients.  Each  patient's  pooled  serum  was  to  be  dialyzed  at  4°C  for  18 
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hours  against  PBS2+  or  incubated  at  4°C  for  18  hours  without  dialysis, 

C3  conversion  by  inulin  and  CoVF  was  to  be  measured  in  the  burn  sera  and 
compared  to  C3  conversion  in  identically  treated  pooled  normal  human 
serum.  The  dialysates  from  the  burn  sera  and  the  normal  serum  were  to  be 
lyophilized,  redissolved  in  distilled  water,  and  chromatographed  on 
Sephadex  G-25.  Fractions  of  the  dialysates  containing  protein  were  to  be 
added  to  pooled  normal  human  serum  and  the  dialyzed  burn  serum  from  which 
each  dialysate  had  been  prepared,  and  C3  conversion  by  inulin  and  CoVF 
was  to  be  measured.  Fractions  of  the  dialysates  which  inhibited  C3  con¬ 
version  in  the  normal  serum  and  in  the  dialyzed  burn  sera  were  to  be  pooled, 
lyophilized,  and  partially  characterized  by  sodium  dodecyl  sulfate  poly¬ 
acrylamide  gel  elect rophoresis . 

The  temporal  relationship  between  colonization  of  body  surfaces  with 
Candida  and  the  development  of  systemic  candidosis  in  burned  patients 
receiving  TPN  was  also  to  be  investigated.  Quantitative  cultures  for 
Candida  were  to  be  obtained  from  each  patient  prior  to  the  insertion  of 
the  central  venous  catheter  and  after  TPN  was  terminated.  The  body  fluids 
which  were  to  be  cultured  were  blood  and  urine.  In  addition,  cultures 
were  to  be  obtained  from  the  following  sites:  burn  wound,  rectum,  oro¬ 
pharynx,  and  anterior  nares.  Cultures  were  also  to  be  obtained  from  the 
skin  of  each  patient  at  the  site  of  insertion  of  the  central  venous  cathe¬ 
ter.  Upon  removal  of  the  central  catheter  from  each  patient,  quantitative 
cultures  of  segments  of  the  catheter  were  also  to  be  performed.  During 
episodes  of  suspected  septicemia,  all  of  the  cultures  described  above  were 
to  be  repeated.  Episodes  of  candidemia  or  evidence  of  systemic  candidosis 
were  to  be  correlated  with  changes  in  the  numbers  of  Candida  isolated  from 
the  serial  quantitative  cultures  described  above. 

Antisera  directed  against  three  Candida  antigens  were  to  be  prepared 
in  rabbits  and  used  for  the  detection  of  these  antigens  by  the  ELISA  in 
serial  serum  samples  obtained  from  the  burned  patients  receiving  TPN. 

The  three  antigen  preparations  were  to  be  as  follows:  (a)  crude  homogen¬ 
ate  of  washed  cells,  (b)  purified  peptidoglucomannan ,  and  (c)  partially 
purified  cytoplasmic  fraction,  lacking  mannan.  The  three  antisera  were 
to  be  compared  for  their  sensitivity  and  specificity  for  the  detection  of 
Candida  antigenemia  prior  to  and  during  candidemia  and  systemic  candidosis. 
The  presence  of  Candida  antigenemia  was  also  to  be  correlated  with  rela¬ 
tive  changes  in  the  numbers  of  Candida  isolated  from  the  various  body  sur¬ 
faces  and  fluids. 


IV.  PROGRESS  REPORT 


Sera  on  PMN  Bactericidal  Activity. 


1*  Results 

The  study  population  consisted  of  12  bacteremic  burned  patients. 

The  group  included  the  7  bacteremic  burned  patients  without  underlying 
diseases  who  were  followed  during  the  contract  period  in  the  Cincinnati 
General  Hospital  and  5  additional  bacteremic  burned  patients  from  the 
Shriners  Burn  Institute.  The  patients  ranged  in  age  from  4  to  81  years; 
nine  were  males,  and  three  were  females.  All  patients  had  flame  burn 
injuries  with  the  total  bum  sizes  ranging  from  23%  to  80%  with  10%  to 
73%  third  degree  injury.  The  specific  clinical  characteristics  of  each 
patient  and  the  postburn  days  of  study  are  presented  in  Table  1. 

All  of  the  patients  had  one  or  more  episodes  of  bacteremia  caused 
by  S.  aureus .  In  six  of  the  patients,  bacteremia  caused  by  other  micro- 
i  organisms  was  also  documented.  Pneumonia  was  demonstrated  in  seven  of 

the  patients  and  was  the  cause  of  death  in  four  of  them.  Only  one  of 
the  other  eight  patients  did  not  survive;  the  cause  of  death  in  this  pa¬ 
tient  was  pulmonary  edema.  The  nutritional  requirements  of  eight  of  the 
patients  were  supplemented  by  peripheral  alimentation  with  10%  dextrose 
in  water  plus  4.5%  Free  Amine  and  daily  infusions  of  Intralipid.  The 
i  temporal  sequence  of  bacteremia,  pneumonia,  and  peripheral  alimentation 

in  each  patient  is  shown  in  Table  2. 

Clotted  blood  specimens  were  drawn  upon  admission  and  at  weekly 
intervals  thereafter.  During  episodes  of  bacteremia,  blood  was  drawn 
one  additional  time  per  week  until  blood  cultures  became  negative.  The 
*  blood  specimens  were  allowed  to  clot  for  1  hour  at  room  temperature  and 

were  centrifuged  at  5,000  g  for  10  minutes  at  4°  C.  The  sera  were  re¬ 
moved,  divided  into  small  aliquots,  and  frozen  at  -70°  C.  Normal  human 
sera  were  collected  from  25  healthy  adult  donors  and  stored  as  a  pool  at 
-70°  C.  Prior  to  testing  in  the  PMN  bactericidal  assays,  all  sera  were 
dialyzed  at  4°  C  for  18  hours  against  PBS^+  using  12,000  molecular  weight 
i  retention  dialysis  tubing.  The  dialysis  procedure  was  performed  to  re¬ 

move  antibiotics  from  the  burn  sera. 

The  PMN  bactericidal  assays  were  performed  by  a  modification  of  the 
method  of  Hirsch  and  Strauss  (41) ,  Normal  human  PMNs  were  prepared  by 
dextran  sedimentation  of  heparinized  whole  blood  from  healthy  adult 
f  donors  followed  by  hypotonic  lysis  to  remove  remaining  erythrocytes  (42). 

The  leukocytes  were  washed  twice  and  resuspended  in  Hank’s  balanced  salt 
solution  containing  0.1%  gelatin  (HBG)  to  a  final  concentration  of 
1.0x10?  PMNs/ml.  Prior  to  each  experiment,  a  frozen  culture  of  the 
specific  infecting  _S.  aureus  or  Escherichia  coli  075  was  inoculated 
into  a  tube  containing  5  ml  of  brain  heart  infusion  broth,  and  the  tube 
i  was  incubated  at  37°  C  for  18  hours.  The  bacteria  were  washed  twice  and 

resuspended  in  HBG  to  a  final  concentration  of  1,0x10^  cells/ml.  Four 
hundred  pi  of  the  leukocyte  suspension  containing  4.0x10^  PMNs  were 
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Table  1.  Ages,  Sex,  and  Burn  Sizes  of  the  Patients  and 
Postburn  Days  of  Study > 


Patient 

No.  Age 


Sex 


Body  Surface  Injured  (%)^  Postburn  Days 
Total  Third  Degree  of  Study 


1 

6 

M 

80 

75 

6-26 

2 

12 

M 

75 

75 

21  -  56 

3 

18 

M 

54 

20 

21  -  61 

4 

21 

M 

51 

4  7 

2-53 

5 

11 

M 

49 

12 

14-46 

6 

4 

F 

48 

48 

17  -  52 

7 

42 

M 

41 

17 

5-20 

8 

49 

M 

33 

10 

15  -  40 

9 

14 

M 

32 

24 

8-32 

10 

38 

F 

28 

10 

3-56 

11 

81 

F 

24 

14 

5-52 

12 

77 

M 

23 

22 

6-56 

M  = 

male;  F  3 

=  female. 

All 

patients 

had  flame 

bum  injuries. 

Table  2.  Temporal  Sequence  of  Bacteremia,  Pneumonia,  and  Peripheral  Alimentation  in  the  Patients. 


(Continued  on  next  page) 
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added  to  polypropylene  capped  tubes,  and  the  tubes  were  centrifuged  at 
1000  g  for  15  minutes  at  4°  C.  The  supernatants  were  discarded,  and 
392  pi  of  the  test  serum  and  8  pi  of  the  bacterial  suspension  (8.0x10^ 
cells)  were  added  to  the  leukocyte  pellets.  Controls  consisting  of 
serum  and  bacteria  were  prepared  in  tubes  lacking  leukocytes,  and  con¬ 
trols  consisting  of  leukocytes  and  bacteria  only  were  prepared  by  sub¬ 
stitution  of  HBG  for  the  serum.  The  tubes  were  gently  vortexed  and  then 
rotated  at  37°  C.  Samples  (50  pi)  were  removed  at  0  time  and  after  30 
and  60  minutes  of  incubation.  The  samples  were  diluted  in  distilled 
water  to  rupture  the  leukocytes,  and  serial  10-fold  dilutions  were 
plated  on  brain  heart  infusion  agar.  The  plates  were  incubated  at  37°  C 
overnight,  and  the  colonies  were  enumerated.  The  percent  of  bactericid¬ 
al  activity  was  determined  by  the  formula  a  ~  b  x  100,  where  a  was  equal 
to  the  number  of  total  surviving  bacteria  at  0  time  and  b  was  equal  to 
the  number  of  total  surviving  bacteria  after  30  or  60  minutes  of  incuba¬ 
tion.  The  percent  of  inhibition  of  PMN  bactericidal  activity  was  calcu¬ 
lated  by  the  same  formula,  where  a  was  equal  to  the  percent  of  PMN  bac¬ 
tericidal  activity  in  the  presence  of  pooled  normal  human  serum  and  b 
was  equal  to  the  percent  of  PMN  bactericidal  activity  in  the  presence  of 
the  patient’s  serum. 

In  some  experiments,  surviving  extracellular  bacteria  were  measured 
in  addition  to  total  surviving  bacteria.  For  these  experiments,  the 
volumes  of  the  reactants  were  doubled  and  150  pi  samples  were  removed  at 
each  time  period.  Fifty  pi  of  the  sample  were  used  for  the  enumeration 
of  total  surviving  bacteria,  and  the  remaining  100  pi  were  centrifuged 
at  200  g  for  5  minutes  at  4°  C.  Extracellular  bacteria  in  the  superna¬ 
tants  were  enumerated  by  plating  serial  10-fold  dilutions  on  brain 
heart  infusion  agar  and  colony  counting  after  overnight  incubation  at 
37°  C. 

In  other  experiments,  the  bacteria  were  opsonized  with  the  test 
serum  prior  to  incubation  with  the  leukocytes.  One  ml  of  the  bacterial 
suspension  containing  1,0x10**  cells  was  centrifuged  at  5000  g  for  15  min¬ 
utes  at  4°  C.  The  supernatant  was  discarded,  and  392  pi  of  the  test 
serum  and  8  pi  of  HBG  were  added  to  the  bacterial  pellet.  HBC  was 
substituted  for  the  serum  in  the  control.  The  bacteria  were  suspended 
in  the  serum  or  HBG  and  incubated  at  37°  C  for  30  minutes.  The  bacteria 
were  washed  twice  and  resuspended  in  HBG  to  a  final  concentration  of 
1.0x10**  cells/ml.  The  opsonized  bacteria  (8  pi),  4. 0x10**  PMNs,  and  HBG 
were  added  to  polypropylene  capped  tubes  in  a  final  volume  of  400  pi. 

The  rest  of  the  procedure  was  identical  to  that  described  for  enumera¬ 
tion  of  total  surviving  bacteria. 

In  one  series  of  experiments,  the  methodology  described  above  was 
further  modified.  Eight  hundred  pi  of  the  leukocyte  suspension  (8.0x10** 
PMNs)  were  added  to  polypropylene  capped  tubes,  and  the  tubes  were  cen¬ 
trifuged  at  1000  g  for  15  minutes  at  4°  C.  The  supernatants  were  dis¬ 
carded,  and  784  pi  of  the  test  serum  and  16  pi  of  HBG  were  added  to  the 
leukocyte  pellets.  For  the  preparation  of  diluent-treated  leukocytes, 
HBG  was  substituted  for  the  test  serum.  The  leukocytes  were  suspended 
in  the  test  serum  or  HBG  and  incubated  at  37°  C  for  30  minutes.  The 
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leukocytes  were  deposited  by  centrifugation,  washed  once  with  1  ml  of 
HBG,  and  resuspended  in  784  pi  of  HBG.  Sixteen  pi  of  bacteria  opsonized 
with  pooled  normal  human  serum  (1.6x10^  cells)  were  added  to  the  leuko¬ 
cytes,  and  total  and  extracellular  surviving  bacteria  were  enumerated 
at  the  various  time  periods  described  above. 

Viability  of  the  serum-treated  PMNs  was  measured  by  trypan  blue  dye 
exclusion.  The  leukocytes  were  treated  with  the  test  serum  or  diluent 
as  described  above.  Two  hundred  pi  of  the  leukocyte  suspension  were 
mixed  with  an  equal  volume  of  1%  trypan  blue  dye  in  physiologic  saline, 
pH  7.0,  and  incubated  for  10  minutes  at  room  temperature.  The  percent 
of  viable  PMNs  which  excluded  the  dye  in  each  sample  was  microscopically 
estimated  by  counting  200  PMNs.  A  positive  control  consisting  of  leuko¬ 
cytes  which  had  been  heated  at  56°  C  for  1  hour  was  included  in  the 
experiments;  the  percent  of  viable  PMNs  in  this  control  was  shown  to  be 
2%, 


In  our  initial  experiments,  each  patient’s  serial  serum  samples  and 
pooled  normal  human  serum  were  tested  for  their  ability  to  kill  that 
patient’s  specific  infecting  j>,  aureus  strain  in  the  presence  and  ab¬ 
sence  of  normal  human  PMNs.  billing  of  the  bacteria  by  the  PMNs  in  the 
absence  of  serum  was  also  determined.  Neither  the  patients’  sera  nor 
the  normal  serum  facilitate f\  killing  of  the  bacterial  strains  in  the 
absence  of  PMNs.  Killing  of  the  bacteria  by  PMNs  in  the  absence  of  ser¬ 
um  was  also  not  demonstrate  !  In  the  presence  of  PMNs  and  normal  serum, 
killing  of  the  bacterial  jc rais-.s  ranged  from  87%  to  94%  after  30  minutes 
of  incubation  and  from  y'3%  to  99.9%  after  60  minutes  of  incubation. 
Bactericidal  activity  at  both  time  periods  was  decreased  in  the  presence 
of  PMNs  and  sera  from  Patients  2,  11,  and  12.  Bactericidal  activity  in 
the  presence  of  PMNs  and  sera  from  the  other  patients  was  equivalent  to 
bactericidal  activity  in  the  presence  of  PMNs  and  normal  serum. 

The  temporal  sequence  of  the  inhibitory  effect  of  sera  from  Patierts 
2,  11,  and  12  on  the  bactericidal  activity  of  normal  human  PMNs  is  shown 
in  Figure  1.  All  of  Patient  2’s  sera,  which  were  obtained  after  20  days 
postburn,  markedly  inhibited  PMN  bactericidal  activity.  Sera  from 
Patients  11  and  12  had  no  inhibitory  effect  on  PMN  bactericidal  activity 
until  after  the  8th  postburn  day.  In  Patient  11,  inhibitory  activity 
was  demonstrated  from  the  16th  to  the  30th  postburn  day.  In  Patient  12, 
inhibitory  activity  was  demonstrated  from  the  13th  tQ  the  43rd  postburn 
day. 


The  next  series  of  experiments  were  designed  to  determine  the  ef¬ 
fects  of  the  burn  sera  on  the  opsonization,  phagocytosis,  and  intracel¬ 
lular  killing  processes.  For  these  experiments,  the  sera  from  Patients 
2  and  12  were  used.  A  pool  of  serum  was  prepared  on  each  patient  con¬ 
sisting  of  equal  parts  of  all  sera  obtained  from  Patient  2  and  sera  ob¬ 
tained  from  Patient  12  during  13  to  43  days  postburn.  Patient  11  was 
not  studied,  because  the  amount  of  sera  with  inhibitory  activity  avail¬ 
able  on  this  patient  was  insufficient  for  use  in  the  experiments. 

To  determine  if  the  inhibition  of  PMN  bactericidal  activity  was 
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Inhibition  of  PMN  Bactericidal  Activity  (%) 


Figure  1 


Postbum  Days 


Temporal  sequence  of  the  inhibitory  effect  of  sera  from 
Patients  2,  11,  and  12  on  the  bactericidal  activity  of  normal 
human  PMNs.  The  solid  lines  represent  the  percent  of 
inhibition  of  PMN  bactericidal  activity  after  30  minutes  of 
incubation,  and  the  dotted  lines  represent  the  percent  of 
inhibition  of  PMN  bactericidal  activity  after  60  minutes  of 
incubation.  The  points  represent  mean  values  of  duplicate 
determinations,  and  each  vertical  bar  represents  the  standard 
error  of  the  mean. 
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caused  by  deficient  opsonization  of  the  bacteria  by  the  burn  sera,  the 
following  experiments  were  performed.  Washed  cells  of  the  infecting  _S. 
aureus  strains  from  Patients  2  and  12  were  incubated  with  the  respective 
patient’s  pooled  serum,  pooled  normal  human  serum,  or  diluent.  The 
bacteria  were  washed,  incubated  with  normal  human  PMNs,  and  bactericidal 
activity  was  determined.  Bactericidal  activity  was  also  measured  con¬ 
currently  in  reaction  mixtures  consisting  of  non-opsonized  bacteria, 
leukocytes,  and  patients’  sera,  normal  serum,  or  diluent.  Inhibition 
of  PMN  bactericidal  activity  was  demonstrated  when  the  serum  from  each 
patient  was  directly  incubated  with  the  bacteria  and  leukocytes  (Figure 
2),  However,  when  the  bacteria  were  opsonized  with  the  patients’  sera, 
washed,  and  then  incubated  with  the  leukocytes,  no  inhibition  of  PMN 
bactericidal  activity  was  demonstrated.  These  results  indicated  that 
the  reduction  in  PMN  bactericidal  activity  demonstrated  in  the  presence 
of  the  patients’  sera  was  not  caused  by  inability  of  the  sera  to  facili¬ 
tate  opsonization  of  the  bacteria. 

In  our  next  experiments,  the  ability  of  the  burn  sera  to  inhibit 
the  phagocytosis  and  intracellular  killing  processes  was  investigated. 
Total  and  extracellular  bacterial  counts  were  measured  in  reaction  mix¬ 
tures  consisting  of  washed  cells  of  the  infecting  _S.  aureus  strains, 
normal  human  PMNs,  and  patients’  sera,  pooled  normal  human  serum,  or 
diluent.  As  demonstrated  previously,  PMN  bactericidal  activity  was  de¬ 
creased  in  the  presence  of  the  patients’  sera  in  comparison  to  PMN  bac¬ 
tericidal  activity  in  the  presence  of  normal  serum  (Figure  3) .  Extra¬ 
cellular  bacterial  counts  were  equivalent  to  total  bacterial  counts  in 
all  reaction  mixtures.  These  results  suggested  that  the  bum  sera  in¬ 
hibited  phagocytosis  of  the  bacteria  by  the  leukocytes  rather  than 
intracellular  killing. 

Our  next  experiments  were  performed  to  determine  if  the  inhibition 
of  phagocytosis  was  related  to  a  toxic  effect  of  the  burn  sera  on  the 
leukocytes.  Normal  human  PMNs  were  incubated  with  each  patient’s  pooled 
serum,  pooled  normal  human  serum,  or  diluent.  The  leukocytes  were 
washed  once,  and  viability  was  measured  by  trypan  blue  dye  exclusion. 

No  decrease  in  viability  was  demonstrated  after  incubation  of  the  leuko¬ 
cytes  with  the  sera,  indicating  that  the  inhibitory  effect  of  the  burn 
sera  on  the  phagocytic  process  was  not  associated  with  cell  death. 

In  our  next  experiments,  the  ability  of  the  burn  sera  to  inhibit 
phagocytosis  of  coli  073  by  normal  human  PMNs  was  determined.  Total 
and  extracellular  bacterial  counts  were  measured  in  reaction  mixtures 
consisting  of  washed  cells  of  the  test  strain,  normal  human  PMNs,  and 
patients’  sera,  pooled  normal  human  serum,  or  diluent.  The  number  of 
total  and  extracellular  bacteria  surviving  after  incubation  with  the 
patients’  sera  and  leukocytes  was  increased  in  comparison  to  the  number 
surviving  after  incubation  with  the  normal  serum  and  leukocytes  (Figure 
4),  These  results  indicated  that  the  burn  sera  inhibited  phagocytosis 
of  _E.  coli  as  well  as  J5.  aureus . 

Our  final  experiments  were  designed  to  investigate  the  mechanism  by 
which  the  burn  sera  inhibited  phagocytosis.  Normal  human  PMNs  were 
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Figure  2 


Incubation  (minutes) 


Intracellular  killing  by  normal  human  PMNs  of  aureus 
opsonized  with  burn  sera  or  normal  serum.  The  results  of  the 
experiments  performed  with  the  pooled  serum  from  Patient  2 
are  presented  in  the  left  figure,  and  the  results  of  the 
experiments  performed  with  the  pooled  serum  from  Patient  12 
are  presented  in  the  right  figure.  All  reaction  mixtures  con¬ 
sisted  of  leukocytes  and  the  following  reactants:  (1)  bac¬ 
teria  opsonized  with  patient’s  serum;  (2)  bacteria  opsonized 
with  pooled  normal  human  serum;  (3)  bacteria  opsonized  with 
diluent;  (4)  non-opsonized  bacteria  and  patient’s  serum; 

(5)  non-opsonized  bacteria  and  pooled  normal  human  serum;  and 

(6)  non-opsonized  bacteria.  The  points  represent  mean  values 
of  duplicate  determinations,  and  each  vertical  bar  represents 
the  standard  error  of  the  mean. 
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Figure  3,  Phagocytosis  and  intracellular  killing  by  normal  human  PMNs 
of  S^.  aureus  in  the  presence  of  burn  sera  or  normal  serum. 

The  results  of  the  experiments  performed  with  the  peeled  ser¬ 
um  from  Patient  2  are  presented  in  the  left  figut°,  and  the 
results  of  the  experiments  performed  with  the  pooled  serum 
from  Patient  12  are  presented  in  the  right  figure.  All  reac¬ 
tion  mixtures  consisted  of  bacteria,  leukocytes,  and  the  fol¬ 
lowing  reactant:  (1)  patient’s  serum,  (2)  pooled  normal 
human  serum,  and  (3)  diluent.  The  solid  lines  represent 
total  surviving  bacteria,  and  the  dotted  lines  represent  sur¬ 
viving  extracellular  bacteria.  The  points  represent  mean 
values  of  duplicate  determinations,  and  each  vertical  bar 
represents  the  standard  error  of  the  mean. 
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Figure  4,  Phagocytosis  and  intracellular  killing  by  normal  human  PMNs 
of  _E.  coli  075  in  the  presence  of  burn  sera  or  normal  serum. 
All  reaction  mixtures  consisted  of  bacteria,  leukocytes,  and 
the  following  reactant:  (1)  Patient  2fs  serum,  (2)  Patient 
12* s  serum,  (3)  pooled  normal  human  serum,  and  (4)  diluent. 
The  solid  lines  represent  total  surviving  bacteria,  and  the 
dotted  lines  represent  surviving  extracellular  bacteria.  The 
points  represent  mean  values  of  duplicate  determinations,  and 
each  vertical  bar  represents  the  standard  error  of  the  mean. 
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incubated  with  each  patient's  pooled  serum,  pooled  normal  human  serum, 
or  diluent.  The  leukocytes  were  washed  once  and  then  tested  for  their 
ability  to  phagocvtose  washed  cells  of  the  infecting  S_.  aureus  strains 
opsonized  with  pooled  normal  human  serum.  The  number  of  total  and 
extracellular  surviving  bacteria  was  increased  after  incubation  with  the 
burn  serum-treated  leukocytes  in  comparison  to  the  number  surviving 
after  incubation  with  the  normal  serum  or  diluent-treated  leukocytes 
(Figure  5) .  These  results  showed  that  the  inhibitory  effect  of  the  burn 
sera  on  the  phagocytic  process  resulted  from  a  direct  interaction  of 
the  sera  with  the  leukocytes,  which  was  not  reversed  by  washing  of  the 
leukocytes . 

2 .  Discussion 

The  results  of  the  present  investigation  show  that  the  sera  from  3 
of  12  burned  patients  inhibited  the  bactericidal  activity  of  normal 
human  PMNs  when  tested  at  a  physiologic  concentration.  In  the  2  patieits 

whose  sera  were  available  for  testing  during  the  first  2  weeks  postburn, 

inhibitory  activity  was  not  demonstrated  until  after  the  8th  postburn 
day.  Inhibitory  activity  persisted  in  one  of  the  patients  until  the 
32nd  postburn  day  and,  in  the  other,  until  the  50th  day.  In  the  third 
patient,  who  was  not  enrolled  on  the  study  until  the  21st  postburn  day 
and  was  followed  until  the  56th  day,  inhibitory  activity  was  demonstrat¬ 
ed  in  all  sera  obtained  during  that  time. 

PMN  bactericidal  activity  involves  a  complex  series  of  events  in¬ 
cluding  opsonization,  phagocytosis,  and  intracellular  killing.  The 
ability  of  sera  from  2  of  the  3  patients  to  inhibit  each  of  these  pro¬ 
cesses  was  investigated.  The  patients’  sera  were  first  tested  at  a 

physiologic  concentration  for  their  ability  to  support  opsonization  of 
the  bacteria.  No  diminution  in  opsonization  by  the  burn  sera  was 
demonstrated,  indicating  that  decreased  PMN  bactericidal  activity  was 
not  caused  by  an  inhibitory  effect  of  the  sera  on  the  opsonization  pro¬ 
cess.  To  determine  if  the  burn  sera  inhibited  the  phagocytosis  or 
intracellular  killing  process,  the  number  of  extracellular  bacteria  re¬ 
maining  in  the  supernatants  after  incubation  of  the  bacteria  with  the 
leukocytes  and  sera  was  compared  to  the  number  of  total  surviving  bac¬ 
teria  (extracellular  and  intracellular).  No  significant  difference  1 
the  bacterial  counts  was  observed,  indicating  that  all  of  the  bacteria 
which  were  phagocytosed  were  killed  intracellularly .  However,  the 
number  of  extracellular  bacteria  remaining  in  the  supernatants  after  in¬ 
cubation  of  the  bacteria  with  leukocytes  and  burn  sera  was  markedly  in¬ 
creased  in  comparison  to  the  number  of  extracellular  bacteria  remaining 
in  the  supernatants  after  incubation  of  the  bacteria  with  leukocytes  and 
normal  serum.  These  results  suggested  that  the  burn  sera  inhibited  the 
phagocytic  process  and  thereby  reduced  the  number  of  bacteria  available 
for  intracellular  killing. 

The  results  described  above  were  obtained  from  experiments  in  which 
each  patient’s  infecting  aureus  strain  was  exclusively  used.  The 
ability  of  the  patients’  sera  to  inhibit  phagocytosis  of  an  j£,  coli 
strain  by  normal  human  PMNs  was  also  investigated,  and  an  inhibitory 
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Figure  5.  Phagocytosis  and  intracellular  killing  of  JS.  aureus  opsonized 
with  pooled  normal  human  serum  by  serum-treated  normal  human 
PMNs.  The  results  of  the  experiments  performed  with  the 
pooled  serum  from  Patient  2  are  presented  in  the  left  figure, 
and  the  results  of  the  experiments  performed  with  the  pooled 
serum  from  Patient  12  are  presented  in  the  right  figure.  The 
reaction  mixtures  consisted  of  the  following  reactants: 

(1)  leukocytes  treated  with  patient's  serum  and  bacteria  op¬ 
sonized  with  normal  serum;  (2)  leukocytes  treated  with  normal 
serum  and  bacteria  opsonized  with  normal  serum;  and  (3)  leu¬ 
kocytes  treated  with  diluent  and  bacteria  opsonized  with  nor¬ 
mal  serum.  The  solid  lines  represent  total  surviving  bac¬ 
teria, and  the  dotted  lines  represent  surviving  extracellular 
bacteria.  The  points  represent  mean  values  of  duplicate 
determinations,  and  each  vertical  bar  represents  the  standard 
error  of  the  mean. 
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effect  was  demonstrated.  The  observation  that  the  burn  sera  inhibited 
phagocytosis  of  both  S_.  aureus  and  coli  suggests  that  the  inhibitory 
effect  was  not  dependent  on  bacterial  surface  properties. 

The  mechanism  by  which  the  burn  sera  inhibited  phagocytosis  was 
also  investigated.  Normal  human  PMNs  were  incubated  with  the  burn  sera, 
washed,  and  then  tested  for  viability.  The  leukocytes  remained  fully 
viable,  indicating  that  the  inhibitory  effect  on  phagocytosis  was  not 
associated  with  cell  death.  The  burn  serum-treated  PMNs  were  also  test¬ 
ed  for  their  ability  to  phagocytose  and  kill  _S.  aureus  opsonized  with 
normal  human  serum.  Inhibition  of  phagocytosis  of  the  opsonized  bac¬ 
teria  by  the  burn  serum-treated  PMNs  was  demonstrated.  Thus,  the  inhib¬ 
itory  effect  resulted  from  a  direct  interaction  of  the  burn  sera  with 
the  leukocytes,  which  was  not  reversed  by  washing  of  the  leukocytes. 

The  burn  serum  inhibitor  may  have  exerted  its  effect  by  binding  avidly 
to  the  membrane  of  the  leukocytes.  Alternatively,  the  inhibitor  may 
have  been  pinocytosed  and  adversely  affected  the  contractile  elements 
within  the  leukocytes. 

The  observation  that  the  inhibitory  effect  of  the  burn  sera  was  not 
rapidly  reversible  suggests  that  it  may  be  responsible  for  abnormalities 
of  PMN  function  which  have  been  previously  demonstrated  in  burned 
patients,  i.e.,  decreased  phagocytosis  (43)  and  chemotaxis  (44-48). 

These  acquired  abnormalities  have  not  been  generally  thought  to  be 
mediated  by  serum  inhibitors,  because  they  were  demonstrated  utilizing 
normal  human  serum  as  the  source  of  opsonins  or  chemotactic  factors. 
However,  if  the  leukocytes  were  affected  by  an  inhibitor  in  circulation 
and  the  effect  was  not  reversed  by  washing,  then  abnormal  leukocyte 
function  could  be  demonstrable  regardless  of  the  source  of  opsonins  or 
chemotactic  factors. 

The  identity  of  the  burn  serum  inhibitor  of  PMN  function  demonstra¬ 
ted  in  our  investigation  is  unknown.  The  inhibitor  was  retained  after 
dialysis  using  12,000  molecular  weight  retention  dialysis  tubing,  sug¬ 
gesting  that  its  molecular  weight  is  greater  than  12,000  daltons.  The 
inhibitor  appears  to  be  distinct  from  the  burn  serum  inhibitors  of 
alternative  complement  pathway  activity  (4,3)  and  T-lymphocyte  mediated 
responses  (3,49-54),  because  these  latter  inhibitors  are  of  lower  molec¬ 
ular  weight  (50  and  sections  II  B  and  IV  B  of  this  report). 

Knowledge  of  the  cause  of  the  occurrence  of  the  burn  serum  inhibitor 
of  PMN  phagocytosis  should  aid  in  determining  its  identity.  Comparison 
of  the  clinical  characteristics  of  the  patients  whose  sera  contained  in¬ 
hibitory  activity  to  those  of  the  patients  whose  sera  lacked  inhibitory 
activity  only  revealed  that  the  occurrence  of  the  activity  was  not  re¬ 
lated  to  total  burn  size  nor  to  the  amount  of  third  degree  burn  injury. 
The  3  patients  whose  sera  contained  inhibitory  activity  had  pneumonia, 
candidemia,  and  multiple  episodes  of  bacteremia  caused  by  more  than  one 
microorganism,  and  2  had  a  fatal  outcome.  The  3  patients  also  were 
receiving  peripheral  alimentation  during  the  time  when  the  inhibitory 
activity  was  demonstrated.  However,  of  the  8  patients  whose  sera  lacked 
inhibitory  activity,  5  received  peripheral  alimentation,  4  had  pneumonia 
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associated  with  bacteremia,  and  3  had  a  fatal  outcome.  A  careful  review 
of  the  types  and  amounts  of  blood  products  administered  to  the  2  groups 
of  patients  did  not  reveal  notable  differences.  Review  of  medications 
also  did  not  provide  a  clue  regarding  the  cause  of  the  inhibitory  acti¬ 
vity.  The  3  patients  with  inhibitory  activity  received  amphotericin  B 
for  treatment  of  candidemia;  however,  therapy  with  this  drug  was  initi¬ 
ated  after  inhibitory  activity  was  demonstrated. 

The  cause  and  significance  of  the  serum-mediated  inhibition  of  PMN 
phagocytosis  remains  to  be  determined.  It  is  the  opinion  of  the  inves¬ 
tigators  that  this  information  can  best  be  derived  from  studies  using  a 
burned  animal  model.  The  advantage  of  its  use  is  that  most  of  the  vari¬ 
ables  described  above  can  be  adequately  controlled. 


B.  Studies  to  further  Investigate  the  Reduction  in  Alternative 
Complement  Pathway  Mediated  C3  Conversion  in  Burned  Patients. 

1 .  Results 

Eighteen  patients  ranging  in  age  from  3  to  81  years  were  studied. 

The  group  included  12  males  and  6  females.  All  patients  had  flame  burn 
injuries,  and  the  total  burn  sizes  ranged  from  20%  to  80%.  The  patients 
were  divided  into  3  groups  according  to  the  amount  of  third  degree  bum 
injury.  Group  A  consisted  of  4  patients  with  primarily  partial  thick¬ 
ness  injuries  with  isolated  areas  of  third  degree  injury.  Group  B  con¬ 
sisted  of  8  patients  with  10%  to  22%  third  degree  injury.  Group  C  con¬ 
sisted  of  6  patients  with  30%  to  75%  third  degree  injury.  The  ages, 
sex,  and  specific  burn  sizes  of  the  patients  within  each  group  are  pre¬ 
sented  in  Table  3. 

Clotted  blood  specimens  were  obtained  from  the  patients  upon  admis¬ 
sion  and  then  1  or  2  times  weekly  for  up  to  50  days  postburn.  The  blood 
specimens  were  allowed  to  clot  for  1  hour  at  room  temperature  and  were 
centrifuged  at  5,000  g  for  15  minutes  at  4°  C.  The  sera  were  removed, 
divided  into  small  aliquots,  and  frozen  at  -70°  C.  Normal  human  sera 
were  collected  from  25  healthy  adult  donors  and  stored  individually  or 
as  a  pool  at  -70°  C. 

C3  conversion  was  measured  by  the  method  of  Ruley  et  al.  (55). 
Antiserum  to  human  C3  was  raised  in  goats  by  multiple  subcutaneous  in¬ 
jections  of  purified  human  C3  in  physiologic  saline,  pH  7.0,  containing 
0,01  M  EDTA.  Antiserum  to  the  B  antigenic  determinant  of  C3  was  prepared 
by  adsorbing  the  antiserum  to  C3  with  the  minimal  amount  of  aged  normal 
human  serum  which  completely  removed  antibodies  to  the  A  and  D  antigenic 
determinants  (56).  Radial  immunodiffusion  using  an  appropriate  dilution 
of  the  antiserum  was  carried  out  in  1%  agarose  in  veronal  buffer  (p  = 
0.05, pH  =  8.6)  containing  0.04  M  EDTA  at  room  temperature  for  18  hours 
using  2  mm  diameter  wells.  The  activating  substances  which  were  used  for 
the  measurement  of  C3  conversion  were  inulin  and  CoVF,  and  the  initial 
concentrations  of  the  activating  substances  were  100  mg/ml  and  100  units/ 
ml  respectively.  The  activating  substances  were  added  to  sera  in  the 
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Table  3.  Ages,  Sex,  Burn  Sizes  and  Grouping  of  the  Patients. 


Patient 

No. 

Age 

Sexa 

Body  Surface  Injured  (%)^ 
Total  Third  Degree 

Group 

1 

22 

M 

20 

4  10 

A 

2 

25 

M 

31 

4  10 

3 

31 

M 

33 

4  10 

4 

57 

M 

45 

<10 

5 

49 

M 

40 

10 

B 

6 

38 

F 

28 

10 

7 

49 

M 

33 

10 

8 

12 

M 

52 

12 

9 

81 

F 

24 

14 

10 

42 

M 

41 

17 

11 

77 

M 

23 

22 

12 

46 

F 

23 

22 

13 

3 

F 

40 

30 

C 

14 

11 

F 

40 

37 

15 

16 

F 

51 

46 

16 

21 

M 

51 

47 

17 

10 

M 

58 

51 

18 

6 

M 

80 

75 

a  M  *  male;  F  =  female, 
b  All  patients  had  flame  burn  injuries. 
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proportion  of  10  pi  of  activating  substance  to  100  pi  of  serum,  and  the 
mixtures  were  incubated  for  1  hour  at  37°  C.  Samples  were  removed  at 
0  time  and  after  60  minutes  of  incubation,  and  the  concentration  of  B 
antigen  of  Cl  in  the  samples  was  quantitated  by  radial  immunodiffusion. 
The  results  were  expressed  in  percent  of  C3  conversion  and  were  calcu- 
lated  by  the  formula  -a- ■  x  100,  where  a  was  equal  to  the  concentra¬ 
tion  of  B  antigen  at  0  time  and  b  was  equal  to  the  concentration  of  B 
antigen  after  60  minutes  of  incubation. 


In  some  experiments,  fractions  of  dialysates  of  burn  sera  were 
tested  for  their  ability  to  inhibit  C3  conversion  in  burn  serum  or 
pooled  normal  human  serum.  For  these  experiments,  the  reaction  mixtures 
consisted  of  75  ul  of  burn  serum  or  normal  serum,  25  ul  of  the  respec¬ 
tive  fraction,  and  10  ul  of  the  activating  substance.  Physiologic 
saline,  pH  7.0,  was  substituted  for  the  fraction  in  the  controls.  C3 
conversion  in  the  reaction  mixtures  and  controls  was  measured  by  radial 
immunodiffusion  as  described  above.  The  results  were  expressed  as  per¬ 
cent  of  inhibition  of  C3  conversion  by  the  formula  - — -g -  x  100  where 

a  was  equal  to  the  percent  of  C3  conversion  in  the  control,  and  b  was 
equal  to  the  percent  of  C3  conversion  in  the  reaction  mixture. 


In  our  initial  experiments,  C3  conversion  by  inulin  and  CoVF  was 
measured  in  the  patients’  serial  serum  samples  and  in  the  normal  human 
sera.  The  data  were  grouped  and  subjected  to  statistical  analysis  to 
determine  the  differences  in  C3  conversion  between  the  3  patient  groups 
and  between  each  patient  group  and  the  control.  Statistical  analysis 
was  performed  by  Student’s  t  test. 


C3  conversion  by  inulin  and  CoVF  in  the  sera  of  all  3  patient 
groups  was  significantly  decreased  during  50  days  postburn  in  comparison 
to  C3  conversion  in  the  normal  sera  (p  -  <0.05)  (Figure  6).  The  differ¬ 
ences  between  the  data  from  the  patient  groups  and  controls  were  mot,t 
significant  when  CoVF  was  used  as  the  activating  substance  (p  =  <0,01). 
The  most  marked  reduction  in  C3  conversion  by  both  activating  substances 
occurred  in  group  C.  Although  C3  conversion  in  group  B  was  greater  than 
in  group  C,  a  significant  difference  between  the  data  from  these  2 
groups  was  not  demonstrated.  The  least  reduction  in  C3  conversion 
occurred  in  group  A,  and  the  differences  between  the  data  from  groups  A 
and  C  during  40  days  postburn  were  found  to  be  significant  (p  =  <0.05). 
When  the  patients  were  regrouped  according  to  total  burn  sizes  of  20% 
to  28%,  31%  to  40%,  and  41%  to  80%,  again  the  data  between  the  patient 
groups  and  controls  were  found  to  be  significant  (p  =  <0.05).  However, 
significant  differences  between  the  3  groups  were  not  demonstrated. 

These  results  suggested  that  the  extent  of  the  reduction  in  C3  conver¬ 
sion  was  related  to  the  amount  of  full  thickness  injury  rather  than  to 
the  total  burn  size. 


All  of  the  patients  in  groups  B  and  C,  except  Patients  5  and  12, 
had  one  or  more  episodes  of  bacteremia  and  half  of  these  patients  also 
had  bacterial  pneumonia  during  the  study  period.  Therefore,  an  attempt 
was  made  to  investigate  the  relationship  between  the  reduction  in 
conversion  and  infectious  complications  by  comparing  the  data  from  the 
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Figure  6,  C3  conversion  in  the  sera  of  patients  in  Groups  A,  B,  and  C. 

The  results  obtained  using  inulin  as  the  activating  substance 
are  shown  in  the  left  figure,  and  the  results  obtained  using 
CoVF  as  the  activating  substance  are  shown  in  the  right  fig¬ 
ure.  The  shaded  areas  represent  the  range  of  values  (mean  - 
2  SD)  obtained  from  determinations  on  25  normal  human  sera. 
The  points  represent  mean  values  of  the  determinations  on  the 
patients  in  each  group  at  the  various  time  intervals,  and 
each  vertical  bar  represents  the  standard  error  of  the  mean. 
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patients  with  bacteremia  only  to  the  data  from  the  patients  with  bacter¬ 
emia  and  pneumonia.  The  group  of  patients  with  bacteremia  only  included 
Patients  6,  8,  13,  14,  15,  and  18.  The  group  of  patients  with  bacter¬ 
emia  and  pneumonia  included  Patients  7,  9,  10,  11,  16,  and  17.  Signifi¬ 
cant  differences  between  the  data  from  these  2  patient  groups  at  the 
various  time  periods  were  not  demonstrated  (Figure  7).  These  results 
suggested  that  the  extent  of  the  reduction  in  C3  conversion  was  not  re¬ 
lated  to  the  type  of  infectious  complication. 

To  determine  the  relationship  between  the  reduction  in  C3  conver¬ 
sion  and  survival  after  infectious  complications,  the  data  from  survi¬ 
ving  and  non-surviving  patients  with  infectious  complications  were 
compared.  Since  all  of  the  patients,  except  one,  survived  until  the 
30th  postburn  day,  the  comparisons  were  made  on  data  obtained  during 
that  time.  The  group  of  surviving  patients  included  Patients  6,  8,  13, 
14,  15,  and  16.  The  non-surviving  patients  included  Patients  7,  9,  10, 
11,  17,  and  18.  Significant  differences  between  the  data  from  these  2 
patient  groups  were  not  demonstrated  at  any  of  the  time  periods  (Figure 
8) .  These  results  suggested  that  the  extent  of  the  reduction  in  C3 
conversion  was  not  predictive  of  fatal  outcome  resulting  from  infectious 
complications. 

In  our  next  experiments,  the  ability  of  dialysis  to  correct  the 
reduction  in  C3  conversion  in  the  burn  sera  was  investigated.  Individ¬ 
ual  sera  with  reduced  C3  conversion  obtained  during  30  days  postburn 
from  Patients  6,  12,  13,  14,  16,  17,  and  18  were  pooled,  and  each 
patient fs  pooled  serum  was  dialyzed  for  18  hours  at  4°  C  against  PBS^+ 
using  3,500  or  12,000  molecular  weight  retention  dialysis  tubing  or  in¬ 
cubated  for  18  hours  at  4°  C  without  dialysis.  C3  conversion  by  inulin 
and  CoVF  was  measured  in  these  sera  and  compared  to  C3  conversion  in 
similarly  treated  pooled  normal  human  serum  and  untreated  burn  sera. 
Dialysis  of  the  burn  sera  using  either  the  3,500  or  12,000  molecular 
weight  retention  dialysis  tubing  partially  or,  in  one  case,  fully 
corrected  the  reduction  in  C3  conversion  by  inulin  (Table  4),  C3 
conversion  by  inulin  in  bum  sera  which  had  been  incubated  at  4°  C 
without  dialysis  was  identical  to  C3  conversion  by  inulin  in  untreated 
burn  sera.  C3  conversion  by  CoVF  in  the  dialyzed  burn  sera  was  also 
increased  in  comparison  to  C3  conversion  by  CoVF  in  bum  sera  which  had 
been  incubated  at  4°  C  without  dialysis  or  in  untreated  bum  sera 
(Table  5).  However,  the  amount  of  correction  of  the  reduction  in  C3 
conversion  after  dialysis  using  CoVF  as  the  activating  substance  was 
less  than  that  observed  when  inulin  was  used  as  the  activating  substance. 
Magnesium  concentrations  in  the  untreated  burn  sera  were  within  the 
normal  range  (1.8  to  2.6  mg/dl),  suggesting  that  the  correction  in  C3 
conversion  by  dialysis  was  not  related  to  normalization  of  the  concen¬ 
tration  of  magnesium  ions. 

Our  next  experiments  were  performed  to  determine  if  an  inhibitory 
activity  could  be  isolated  from  the  dialysates  of  the  burn  sera.  Five 
hundred  pi  of  each  pooled  burn  serum  or  pooled  normal  human  serum  were 
dialyzed  for  18  hours  at  4°  C  againsj:  50  ml  of  PBS^+  using  3,500  molec¬ 
ular  weight  retention  dialysis  tubing.  The  dialysates  were  lyophilized 
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C3  conversion  in  the  sera  of  pateints  with  bacteremia  only 
and  of  patients  with  bacteremia  and  pneumonia.  The  results 
obtained  using  inulin  as  the  activating  substance  are  shown 
in  the  left  figure,  and  the  results  obtained  using  CoVF  as 
the  activating  substance  are  shown  in  the  right  figure.  The 
solid  line  represents  the  data  on  the  patients  with  bacter¬ 
emia  only,  and  the  dotted  line  represents  the  data  on  the 
patients  with  bacteremia  and  pneumonia.  The  points  represent 
mean  values  of  the  determinations  on  the  patients  in  each 
group  at  the  various  time  intervals,  and  each  vertical  bar 
represents  the  standard  error  of  the  mean. 
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Figure  8.  C3  conversion  in  the  sera  of  surviving  and  non-surviving 

patients  with  infectious  complications.  The  results  obtained 
using  inulin  as  the  activating  substance  are  shown  in  the 
left  figure,  and  the  results  obtained  using  CoVF  as  the  acti¬ 
vating  substance  are  shown  in  the  right  figure.  The  solid 
line  represents  the  data  on  the  surviving  patients,  and  the 
dotted  line  represents  the  data  on  the  non-surviving  patients. 
The  points  represent  mean  values  of  the  determinations  on  the 
patients  in  each  group  at  the  various  time  intervals,  and 
each  vertical  bar  represents  the  standard  error  of  the  mean. 
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Table  4 .  Effect  of  Dialysis  on  C3  Conversion  by  Inulln  in  Burn  Sera* 


C3  Conversion  (Z)a 

Patient  After  Xf  ter  Dialysis"0 

No,  Untreated  Incubation^  3, 500  12 » 000 


6 

37.3 

41.8 

57.0 

65.4 

12 

33.9 

34.2 

49.2 

52.0 

13 

34.0 

34.0 

62.4 

67.6 

14 

29.2 

30.5 

84.9 

86.4 

16 

14.2 

12.4 

42.3 

64.0 

17 

26.9 

31.4 

50.2 

66.4 

18 

8.4 

11.0 

33.6 

46.4 

PNHSd 

71.0 

71.5 

75.4 

73.2 

a  Numbers  represent  mean  values  of  2  to  6  determinations, 
k  Sera  were  incubated  at  4°C  for  18  hours  without  dialysis. 
c  Sera  were  dialyzed  at  4°C  for  18  hours  against  PBS^+  using 
3,500  or  12,000  molecular  weight  retention  dialysis  tubing. 
^  PNHS  ■  pooled  normal  human  serum. 
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Table  5.  Effect  of  Dialysis  on  C3  Conversion  by  CoVF  in  Burn  Sera. 


Patient 

No. 


C3  Conversion  (%) _ 

After  After  Dialysisc 


Untreated 


Incub at ion^ 


3.  500 


12.000 


6 

62.0 

61.9 

70.1 

69.4 

12 

61.0 

64.0 

72.8 

75.9 

if 

13 

46.5 

49.1 

69.4 

68.2 

14 

40.3 

43.2 

59.2 

62.4 

16 

37.9 

38.3 

51.5 

50.3 

17 

37.7 

35.1 

48.5 

57.6 

18 

36.9 

37.4 

49.8 

53.9 

PNHSd 

84.2 

85.0 

82.1 

84.1 

a  Numbers  represent  mean  values  of  2  to  6  determinations, 
b  Sera  were  Incubated  at  4°C  for  18  hours  without  dialysis. 
c  Sera  were  dialyzed  at  4°C  for  18  hours  against  PBS^+  using 
3,500  or  12,000  molecular  weight  retention  dialysis  tubing. 
^  PNHS  *  pooled  normal  human  serum. 
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and  then  redissolved  in  25  ml  of  distilled  water.  Each  dialysate  was 
chromatographed  on  a  2.6x25  cm  column  of  Sephadex  G-25.  Five  ml  frac¬ 
tions  were  collected,  and  protein  in  the  fractions  was  detected  spectro- 
photometr ically  at  280  nm.  Fractions  of  each  dialysate  containing  pro¬ 
tein  (//19  to  #37)  were  lyophilized,  redissolved  in  500  ul  of  physiologic 
saline,  pH  7.0,  and  tested  for  their  ability  to  inhibit  C3  conversion 
by  inulin  and  CoVF  in  pooled  normal  human  serum  and  in  the  dialyzed  sera 
from  which  each  had  been  prepared.  None  of  the  fractions  of  the  dialy- 
sates  inhibited  C3  conversion  in  the  sera.  These  results  suggested 
either  that  the  fractions  containing  protein  did  not  contain  inhibitory 
activity  or  the  inhibitor  was  present  in  the  fractions  in  too  low  a  con¬ 
centration  to  be  detectable  by  the  methods  employed. 

2 .  Discussion 

The  complement  system  is  the  primary  humoral  mediator  of  biological 
events  associated  with  host  resistance  against  microbial  infection, i. e. , 
changes  in  vascular  permeability,  leukocyte  chemotaxis,  opsonization 
leading  to  phagocytosis  of  microorganisms,  bacteriolytic  activity,  and 
neutralization  of  viruses  (57).  The  alternative  pathway  of  complement 
activation  is  that  part  of  the  complement  system  which  provides  the  non- 
immune  host  with  natural  defense  against  microbial  infection.  The 
alternative  pathway  also  functions  in  the  immune  host  by  amplifying 
activation  of  the  classical  complement  pathway. 

The  six  serum  proteins  which_constitute  the  alternative  complement 
pathway  are  factor  B  (B) ,  factor  D  (D) ,  properdin  (P) ,  C3,  C3bINA,  and 
£TH  (58-61).  Two  C3  convertases  are  formed  in  the  reaction  sequence  of 
the  alternative  pathway  (Figure  9).  The  first  convertase,  C3Bb,  is 
thought^  to  be  assembled  in  the  fluid  phase  during  the  slow  interaction 
of  B,  D,  and  C3  in  the  presence  of  magnesium  ions,  and  it  continuously 
provides  small  amounts  of  C3b  that  can  initiate  formation  of  the  ampli¬ 
cation  convertase,  C3bBb  (59,61).__  B  binds  to  C3b  in  the  presence  of 
magnesium  ions  and  is  cleaved  by  D  to  uncover  the  C3-cleaving  site  on 
the  Bb  fragment  of  B  (62) .  C3bBb  rapidly  loses  activity  by  spontaneous 
dissociation  of  the  Bb  fragment,  which  becomes  inactive  Bbi,  and  P 
serves  to  stabilize  convertase  activity  by  binding  to  the  C3b  subunit  of 
the  enzyme  and  retarding  dissociation  of  Bb  (63).  Binding  of  a  second 
molecule  of  C3b  to  the  stable  or  unstable  C3  convertase  converts  the 
enzyme  to  a  C5  convertase,  leading  to  activation  of  terminal  components 
of  the  classical  complement  pathway  (63,64). 

The  primary  role  of  the  regulatory  proteins,  ^1H  and  C3bINA,  is  to 
prevent  amplification  of  C3  convertase  formation  and  activity  (65,66). 

£1H  has  three  inhibitory  effects  as  follows:  (a)  It  competes  with  B  for 
binding  to  C3b  and  thereby  blocks  C3bBb  formation;  (b)  it  dissociates  Bb 
from  C3bBb  and  thereby  inhibits  convertase  activity;  and  (c)  it  increases 
the  susceptibility  of  C3b  to  cleavage  by  C3bINA,  thereby  yielding  C3bi, 
an  inactive  form  of  this  protein. 

C3b  produced  by  cleavage  of  C3  by  C3Bb  in  the  fluid  phase  binds  co¬ 
valently  to  particulate  material  (67),  Whether  the  particulate  material 
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Figure  9,  Reaction  sequence  of  the  alternative  complement  pathway. 
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Is  an  activator  or  non -activator  of  the  alternative  pathway  is  deter¬ 
mined  bv  the  relative  capacity  of  its  surface  to  protect  C3b  from  the 
action  of  the  regulatory  proteins,  (?1H  and  C3bINA  (58,59,61,68-71). 
Activating  particles  circumvent  the  action  of  the  regulatory  proteins 
allowing  for  formation  of  C3bBb  resulting  in  further  deposition  of  C3b. 

In  the  present  investigation,  inulin  and  CoVF  were  used  as  the 
.activating  substances  for  the  measurement  of  alternative  complement 
pathway  activity  in  the  sera  of  thermally  injured  patients.  Inulin  is  a 
recognized  particulate  activator  of  the  alternative  pathway  (72),  and 
CoVF  is  an  analog  of  C3b  (73)  whjtch  forms  a  C3  convertase  in  the  fluid 
phase  by  interacting  with  B  and  D  in  the  presence  of  magnesium  ions 
(74, 75). 

Reduction  in  C3  conversion  by  both  activating  substances  was  demon¬ 
strated  in  the  sera  of  18  burned  patients.  The  most  marked  reduction 
in  C3  conversion  occurred  in  patients  with  large  full-thickness  injuries, 
who  had  infectious  complications  during  their  clinical  course.  The 
abnormality  was  not,  however,  more  severe  in  patients  with  pneumonia  and 
bacteremia  in  comparison  to  patients  with  bacteremia  only  and  was  not 
predictive  of  fatal  outcome  resulting  from  infectious  complications. 

The  demonstration  of  an  increase  in  the  severity  of  the  abnormality 
as  the  amount  of  full-thickness  injury  increased  suggests  that  its 
occurrence  may  be  directly  or  indirectly  related  to  metabolic  or  physio¬ 
logic  alterations  that  occur  following  injury.  This  concept  is  further 
supported  by  the  observation  that  reduction  in  C3  conversion  utilizing 
CoVF  as  the  activating  substance  was  also  demonstrated  in  the  sera  of 
patients  who  had  sustained  severe  blunt  or  penetrating  abdominal  trauma 
(76).  The  abnormality  was  demonstrated  in  these  patients  within  6  hours 
following  trauma,  which  is  the  time  when  metabolic  and  physiologic 
alterations  are  pronounced.  The  abnormality  in  the  burned  patient  may 
increase  with  infectious  complications,  because  metabolic  or  physiologic 
alterations  are  augmented  by  tissue  pyrogens,  endotoxin,  or  other  bac¬ 
terial  constituents  or  products. 

Dialysis  of  the  burn  sera  was  shown  to  correct  the  reduction  in  C3 
conversion.  The  effect  was  not  related  to  normalization  of  the  concen¬ 
tration  of  magnesium  ions,  since  magnesium  concentrations  in  non- 
dialyzed  burn  sera  were  found  to  be  normal.  It  is  postulated  that  the 
dialysis  procedure  corrected  the  reduction  in  C3  conversion  by  removing 
a  low  molecular  weight  inhibitor  from  the  burn  sera.  Our  failure  to 
demonstrate  inhibitory  activity  in  protein-containing  fractions  of  burn 
sera  dialysates  does  not  rule  out  this  hypothesis,  because  the  methods 
used  may  not  have  been  sensitive  enough  to  detect  inhibitory  activity  in 
the  fractions  or  the  inhibitor  may  not  be  a  protein. 

It  is  our  hypothesis  that  the  inhibitor  exerts  its  effect  by 
potentiating  ^1H  activity.  C3b  in  the  fluid  phase  binds  01H  with  almost 
100-fold  greater  affinity  than  that  with  which  it  binds  B,  whereas  C3b 
on  the  surface  of  a  particulate  activator,  such  as  inulin,  binds  01H 
less  effectively  and  uptake  of  this  control  protein  is  not  favored 
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relative  to  uptake  of  B  (59,61,69).  Therefore,  if  our  inhibitor  aug¬ 
ments  ^1H  activity,  it  would  be  expected  to  potentiate  the  inactivation 
of  the  fluid  phase  analog  of  C3b,  CoVF,  and  thereby  inhibit  the  forma¬ 
tion  of  the  CoVF-dependent  C3  convertase  more  readily  than  formation  of 
the  inulin-dependent  C3  convertase.  This  would  explain  why  the  greatest 
reduction  in  C3  conversion  in  the  burn  sera  was  demonstrated  when  CoVF 
was  used  as  the  activating  substance  and  why  dialysis  of  the  burn  sera 
t  corrected  the  reduction  in  C3  conversion  by  inulin  more  than  by  CoVF. 

In  addition,  it  would  provide  an  explanation  for  the  observation  that 
CoVF  was  able  to  detect  a  reduction  in  C3  conversion  in  the  sera  of 
patients  with  non-burn  trauma,  whereas  inulin  was  not  (76). 

A  serum  inhibitor  has  been  shown  to  contribute  to  abnormal  T- 
I  lymphocyte  blastogenesis  associated  with  bum  injury  (77)  and  major 

operative  trauma  (78).  The  immunosuppressive  factor  is  a  polypeptide 
with  a  molecular  weight  of  less  than  10,000  daltons.  The  observation  in 
our  investigation  that  the  inhibitor  of  alternative  complement  pathway 
mediated  C3  conversion  in  burn  sera  was  dialyzable  and  of  low  molecular 
weight  suggests  that  it  may  be  related  to  or  may  in  fact  be  the  immuno- 
I  suppressive  factor.  This  concept  would  not  be  surprising  as  evidence 

accumulates  regarding  a  role  for  complement  in  T-lymphocyte  dependent 
responses  (79-83), 


* 


* 
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Studies  to  Determine  the  Association  Between  Colonization  of  Body 
Surfaces  with  Candida,  the  Presence  of  Candida  Antigenemia,  and  the 
Occurrence ~of  Systemic"  Candicfosis.  "  ~~ ~ ‘ 

1.  Results 


The  association  between  colonization  of  the  burn  wound,  mouth,  rec¬ 
tum,  and  catheter  insertion  site  by  Candida  and  the  occurrence  of  sys¬ 
temic  candidosis  was  studied  in  8  severely  burned  patients  receiving  TPN 
therapy.  The  ages,  sex,  and  burn  sizes  of  these  patients  are  presented 
in  Table  6.  Fifteen  catheters  were  inserted  in  the  8  patients.  Of  the 
15  catheters  inserted,  5  were  excluded  from  our  study  because  the 
catheter  tips  were  not  cultured  upon  termination  of  TPN  therapy.  Five 
catheters  were  threaded  into  the  superior  vena  cava  by  the  infraclavic- 
ular  approach  to  the  subclavian  vein  in  the  4  patients,  who  were  not 
burned  in  this  area  (Table  7).  The  4  patients,  who  were  burned  over  the 
entire  trunk  and  neck,  were  treated  with  5  catheters  inserted  through 
burn  eschar;  3  catheters  were  inserted  into  the  superior  vena  cava  by 
the  inf raclavicular  approach  to  the  subclavian  vein,  and  2  catheters 
were  inserted  through  the  cephalic  vein  into  the  superior  vena  cava. 

Each  of  the  10  catheters  used  in  the  study  was  in  place  for  an  average 
of  6.9  days  (range,  3-14  days).  Six  of  the  10  catheters  were  silastic, 
and  the  remaining  four  were  polyvinyl  chloride.  Five  of  the  patients 
were  treated  with  a  standard  central  TPN  formulation;  2  patients  were 
treated  with  renal  TPN  formulation  due  to  renal  failure,  and  1  patient 
received  cardiac  TPN  formulation  due  to  cardiac  failure.  The  components 
of  the  central,  renal,  and  cardiac  TPN  formulations  are  listed  in 
Table  8. 

The  central  venous  catheters  used  for  TPN  therapy  were  inserted 
under  sterile  conditions  and  monitored  daily  by  a  member  of  the  Univer¬ 
sity  Hospitals*  Hyperalimentation  Unit.  When  the  catheter  was  to  be 
placed  through  intact  skin,  the  insertion  site  was  first  disinfected  by 
standard  techniques  (84).  Following  catheter  insertion,  povidone- 
iodine  was  placed  over  the  site,  and  the  site  was  covered  with  an  air- 
occlusive  dressing.  The  dressings  were  changed  every  48  hours  with  the 
use  of  the  mask-and-glove  technique.  At  the  time  of  dressing  change, 
the  skin  was  prepared  with  acetone,  povidone-iodine,  and  isopropyl  alco¬ 
hol  (70%),  and  povidone-iodine  ointment  was  reapplied  to  the  insertion 
site.  When  the  catheter  was  to  be  inserted  through  burn  eschar,  the 
burn  wound  at  the  insertion  site  was  disinfected  with  povidone-iodine 
prior  to  catheter  placement.  After  the  catheter  was  in  place,  povidine- 
iodine  ointment  was  applied  to  the  site,  and  the  site  was  covered  with  a 
loose  sterile  gauze  pad.  The  povidone-iodine  ointment  at  the  catheter 
insertion  site  was  removed  every  8  hours  with  sterile  cotton-tipped 
applicators,  and  fresh  povidone-iodine  was  applied. 

Strict  precautions  were  employed  to  reduce  the  potential  for  exogen¬ 
ous  contamination  of  the  catheter,  infusion  apparatus,  and  nutrient 
solution.  The  infusion  catheter  was  used  exclusively  for  the  adminis¬ 
tration  of  the  hyperalimentation  solution;  measurements  of  central  ven¬ 
ous  pressure  or  the  administration  of  blood  products,  antibiotics,  or 
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I  Table  6,  Ages,  Sex,  and  Burn  Sizes  of  the  Patients^ 


Patient 

No. 

Age 

Sex3 

Body  Surface 
Total 

Injured  (%)^ 
Third  Degree 

1 

1 

49 

M 

33 

10 

» 

2 

22 

M 

62 

18 

3 

72 

F 

30 

25 

t 

4 

77 

M 

23 

22 

5 

78 

M 

18 

3 

t 

6 

42 

M 

64 

59 

7 

21 

M 

51 

47 

» 

8 

81 

F 

24 

14 

» 

a  M  = 

b  All 

male;  F  ! 

patients 

=  female. 

had  flame  burn 

injuries . 

I 


> 
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Table  7 


Char ac t eristics  of  the  Methodology  Employed  for  the  Administration  of  TPN 
Therapy  in  the  Patients. 


Patient  No.  Days  of  TPN  Formulation  Type  of 

TPN  Therapy  Administered  Catheter 


Insertion 

Siteb 


1 


Catheter  I 

8 

Central 

Sil 

R-SVC-NB 

Catheter  II 

14 

Central 

Sil 

L-SVC-NB 

2 

5 

Central 

Sil 

R-SVC-B 

3 

3 

Cardiac 

Sil 

L-SVC-NB 

4 

9 

Central 

Sil 

R-SVC-NB 

5 

9 

Renal 

PVC 

R-SVC-NB 

6 

6 

Renal 

PVC 

L-SVC-B 

7 

Catheter  I 

4 

Central 

PVC 

L-Cephalic-B 

Catheter  II 

5 

Central 

PVC 

R-Cephalic-B 

8 

6 

Central 

Sil 

R-SVC-B 

3  Sil  =  silastic;  PVC  =  polyvinyl  chloride. 


b 


R  =  right;  L  *  left;  SVC  *  subclavian  vein;  cephalic  *  cephalic  vein; 
NB  *  catheter  inserted  through  non-bumed  skin;  B  *  catheter  inserted 
through  burn  wound. 


Table  8.  Composition  of  the  TPN  Formulations  Administered  to  the  Patients. 


Constituents 

Central 

g 

Formulation 

Renal  ^ 

Formulation 

Cardiac 

Formulation 

Amino  acids**  (gm) 

42.5 

0 

30.6 

Amino  acids 
(essential)  (gm) 

0 

12.75 

0 

Dextrose  (gm) 

250 

350 

350 

Potassium  (meq) 

12 

0 

0 

Sodium  (meq) 

21 

1.2 

3.6 

Magnesium  (meq) 

8 

0 

8 

Calcium  (meq) 

4.7 

0 

0 

Chloride  (meq) 

8 

0 

0 

Acetate  (meq) 

29 

0 

16 

Phosphorus  (mM) 

13.4 

0 

3.6 

Total  calories  (Kcal) 

1,000 

1,250 

1,320 

Nitrogen  (gm) 

6.25 

1.46 

4.5 

Components 
Components 
Components 
Free  Amine 
Nephramine 


contained  in  1000  ml  of  formulation, 
contained  in  750  ml  of  formulation, 
contained  in  860  ml  of  formulation. 
(McGav  Laboratories ,  Glendale ,  Calif • ) . 
(McGaw  Laboratories). 
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other  medications  through  the  infusion  catheter  was  specifically  pro¬ 
hibited.  Intravenous  tubing  and  0,45  filters  were  changed  daily. 

The  nutrient  solutions  were  prepared  daily  by  the  hospital  pharmacy  in 
a  clean  room  under  a  laminar-flow  hood. 

Surface  quantitative  cultures  of  a  representative  area  of  the  skin 
at  the  site  of  insertion  of  the  central  venous  catheter  and  of  a  repre¬ 
sentative  area  of  each  patient's  burn  wound  were  performed  at  the  time 
of  catheter  insertion.  The  numbers  of  bacteria  and  yeasts  in  these  cul¬ 
tures  were  quantitated,  and  all  microorganisms  isolated  were  identified. 
Cultures  of  the  rectum  and  mouth  were  also  obtained  at  the  time  of  cath¬ 
eter  insertion.  Mouth  cultures  were  substituted  for  cultures  of  the 
oropharnyx  and  anterior  nares,  due  to  difficulty  in  obtaining  appropri¬ 
ate  cultures  from  these  sites.  The  numbers  of  yeasts  and  bacteria  in 
these  cultures  were  quantitated,  and  all  of  the  yeasts  isolated  were 
identified.  The  numbers  of  yeasts  present  at  each  of  the  sites  des¬ 
cribed  above  were  expressed  as  an  absolute  number  and  as  a  percent  of 
the  total  number  of  microorganisms  isolated  from  each  site.  Blood  cul¬ 
tures  were  obtained  at  the  time  of  initiation  of  TPN  therapy;  all  micro¬ 
organisms  isolated  from  these  cultures  were  identified.  Urine  cultures 
for  Candida  were  also  obtained.  All  of  the  cultures  described  above 
were  repeated  during  episodes  of  suspected  septicemia  and  at  the  termin¬ 
ation  of  TPN  therapy. 

At  the  time  of  catheter  removal,  the  bacteria  and  yeasts  present  on 
a  proximal  3  cm  segment  of  each  catheter  beginning  1  cm  inside  of  the 
former  skin  catheter  interface  (intradermal  segment)  and  a  3  cm  segment 
of  the  catheter  tip  (intravascular  segment)  were  eluted  with  0.1  M 
phosphate-buffered  saline,  pH  7.4,  and  quantitated.  All  bacteria  and 
yeasts  isolated  from  the  intradermal  and  intravascular  segments  of  the 
catheter  were  identified  by  standard  methods  and  were  expressed  as 
absolute  numbers. 

The  results  of  the  quantitative  cultures  for  Candida,  obtained 
prior  to  insertion  of  the  10  catheters,  are  presented  in  Table  9,  Two 
rectal,  6  mouth,  and  2  burn  wound  cultures  were  positive  for  Candida; 
all  catheter  insertion  site  cultures  were  negative  for  Candida.  The 
species  of  Candida  isolated  from  all  cultures,  except  the  mouth  culture 
of  Patient  5,  was  albicans;  the  species  of  Candida  isolated  from  this 
mouth  culture  was  tropicalis .  Candida  were  present  in  the  mouth  in  both 
instances  when  Candida  were  isolated  from  the  rectum  and,  in  one  of  the 
two  cases,  when  Candida  were  isolated  from  the  burn  wound.  However,  no 
correlation  was  demonstrated  between  the  absolute  number  of  Candida 
present  in  the  mouth  or  the  number  of  Candida  relative  to  the  total 
number  of  microorganisms  and  the  number  or  percent  of  Candida  present  at 
the  other  sites. 

Cultures  obtained  upon  termination  of  TPN  therapy  are  presented  in 
Table  10.  Six  rectal,  9  mouth,  4  burn  wound,  and  5  catheter  insertion 
site  cultures  were  positive  for  Candida .  All  sites  which  were  colonized 
with  Candida  at  the  initiation  of  TPN  therapy  were  positive  for  yeasts 
when  therapy  was  terminated,  and  some  of  the  sites  which  were  negative 
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Table  9*  Numbers  of  Candida  Colonizing  the  Rectum,  Mouth,  Burn  Wound,  and  Catheter 


Insertion  Site  of  the  Patients  at 

the  Start  of  TPN  Therapy. 

Patient 

Site  Cultured 

No 

Rectum  Mouth 

Burn  VIound 

Catheter 

Insertion 

Site 

Catheter  I  2.4a(*0.1%)b  6.3  (4%)  NCIC  NCI 


Catheter 

II  NCI 

5.7  (0.4%) 

2.8  (50%) 

NCI 

2 

NCI 

NCI 

NCI 

NCI 

3 

3.6  (<0.1%) 

4.0  (9%) 

NCI 

NCI 

4 

NCI 

2.8  («0.1%) 

NCI 

NCI 

5 

NCI 

6.0d(83%) 

NCI 

NCI 

6 

NCI 

NCI 

NCI 

NCI 

7 

Catheter 

I  NCI 

\ 

4.2  (0.3%) 

NCI 

NCI 

Catheter 

II  NCI 

NCI 

1.0  «0.1%) 

NCI 

8  NCI  NCI  NCI  NCI 

a  c.f.u.  per  site. 

k  Percent  of  total  number  of  microorganisms  present  at  the  site. 
c  NCI  *  no  Candida  isolated. 

^  £.  tropical is  was  isolated  from  this  site,  A. 11  other  isolates 
were  C.  albicans. 


Table  10.  Numbers  of  Candida  Colonizing  the  Rectum,  Mouth,  Burn  Wound,  and  Catheter 


Insertion  Site  of  the  Patients  at  the  Termination  of  TPN  Therapy. 


Patient 

Site  Cultured 

No. 

Rectum 

Mouth 

Burn  Wound 

Catheter 

Insertion 

Site 

i 

Catheter 

I 

1.7a(*0.1%)b 

5.5  (1%) 

1.7  (*0.1%) 

1.9  (0.8%) 

Catheter 

II 

2.2  (*0.1%) 

6.1  (2%) 

2.2  (60%) 

2.5  (13%) 

2 

NCIC 

3.0  (0.2%) 

NCI 

NCI 

3 

3.1  (*0.1%) 

3.6  (4%) 

NCI 

NCI 

4 

NCI 

3.4  (<0.1%) 

NCI 

3.3  (64%) 

5 

2.9d(*0.1%) 

4.9d  (15%) 

NCI 

NCI 

6 

NCI 

NCI 

NCI 

NCI 

7 

Catheter 

I 

2.6  (<0.1%) 

4.0  (*0.1%) 

NCI 

NCI 

Catheter 

II 

NCI 

1.0  (*0.1%) 

1.4  (*0.1Z) 

1.3  (*0.1%; 

8 

1.0  (*0.1%) 

2.0  (<0.1%) 

5.8d(74%) 

4.1d(85%) 

a  Log^Q  c.f.u.  per  site. 

b  Percent  of  total  number  of  microorganisms  present  at  the  site. 
c  NCI  *  no  Candida  Isolated. 

d  C.  troplcalis  was  isolated  from  these  sites.  All  other  isolates 
were  C.  albicans. 
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prior  to  TPN  therapy  were  positive  upon  termination.  Conversion  from 
negative  to  positive  cultures  for  Candida  was  most  prevalent  at  the 
catheter  insertion  sites.  In  every  case  that  the  catheter  insertion 
site  was  colonized  with  Candida,  the  yeasts  were  also  present  in  the 
mouth.  However,  there  were  also  patients  with  positive  mouth  cultures, 
who  did  not  have  positive  insertion  site  cultures,  and  no  correlation 
was  demonstrated  between  absolute  or  relative  numbers  of  Candida  in  the 
mouth  and  the  presence  of  Candida  at  the  insertion  sites.  The  species 
of  Candida  isolated  from  all  the  patients,  except  Patients  5  and  8,  was 
albicans.  In  Patient  5,  the  yeasts  isolated  were  £.  tropicalis ,  and  in 
Patient  8,  C_,  albicans  was  isolated  from  the  rectum  and  mouth,  while 
tropicalis  was  isolated  from  the  burn  wound  and  catheter  insertion  site. 
This  observation  may  have  been  due  to  exogenous  contamination  of  the 
burn  wound  or  insertion  site  with  tropicalis.  Alternatively,  £. 
tropicalis  may  have  been  present  in  numbers  too  few  to  quantitate  in  the 
mouth  and  rectal  cultures. 

Candida  were  isolated  from  catheters  removed  from  3  of  the  5  inser¬ 
tion  sites  colonized  with  Candida  (Table  11).  albicans  was  isolated 

from  2  catheters  and  £.  tropicalis  was  isolated  from  1  catheter. 

Candida  were  isolated  from  the  intradermal  segment  of  two  of  the  cathe¬ 
ters  and  from  both  the  intradermal  and  intravascular  segments  of  the 
third  catheter.  Pseudomonas  f luorescens  was  also  isolated  from  both 
segments  of  one  of  these  catheters  and  was  also  present  at  the  insertion 
site.  Of  the  remaining  7  catheters,  3  were  positive  for  j>.  aureus  alone 
or  in  combination  with  diphtheroids  or  Enterobacter  cloacae .  One  was 
positive  for  I*,  aeruginosa,  and  3  were  sterile.  Microorganisms  present 
on  the  catheters  were  isolated  concurrently  from  the  insertion  sites, 
with  the  exception  of  1  catheter  colonized  with  diphtheroids.  . 

Two  of  the  3  patients  with  positive  Candida  catheter  cultures  had 
positive  blood  cultures  for  Candida  during  TPN  therapy;  bacteremia  was 
also  documented  in  these  patients  (Table  12).  Both  developed  systemic 
candidosis  as  documented  by  multiple  positive  blood  cultures  which  did 
not  clear  upon  catheter  removal,  a  four-fold  rise  in  antibody  titer 
against  Candida  antigen  determined  by  counterimmunoelectrophoresis,  and 
evidence  of  Candida  endophthalmitis.  The  other  patient,  from  which 
Candida  were  isolated  from  the  catheter,  did  not  develop  bacteremia, 
candidemia,  or  other  evidence  of  systemic  candidosis.  However,  suppur¬ 
ative  pyelonephritis  was  observed  at  necropsy.  Patients  with  catheter 
cultures  positive  for  _S.  aureus  developed  S^.  aureus  bacteremia  during 
TPN  therapy.  The  patient  with  catheter  cultures  positive  for  JP. 
aeruginosa  developed  bacteremia  caused  by  _P.  aeruginosa  and  other  micro¬ 
organisms.  The  3  patients  with  negative  catheter  cultures  had  negative 
blood  cultures  during  TPN  therapy. 

Of  the  2  patients  who  developed  systemic  candidosis,  1  had  positive 
urine  cultures  for  Candida  at  the  initiation  and  termination  of  TPN 
therapy  (Patient  8)  and  the  other  had  positive  urine  cultures  for 
Candida  upon  termination  but  not  initiation  of  TPN  therapy  (Patient  4). 
Positive  urine  cultures  for  Candida  were  documented  in  only  1  other 
patient;  this  patient  was  the  one  who  developed  a  positive  catheter 


42 


Table  11.  Surface  Quantitative  Culture  Results  of  the  Catheter  Insertion  Sites  and 
Catheters  at  the  Termination  of  TPN  Therapy. 


Patient 

No. 


Catheter 
Insertion  Site 


Catheter 


Intradermal  Segment 


Intravascular 

Segment 


Catheter  I  Pseudomonas  ^ 

fluorescens  (2.0) 
Staphylococcus 
^aureus  (4.4) 

Candida  albicans  (1.9) 


Staphylococcus 
aureus  (3.9) 


Staphylococcus 
aureus  (2.7) 


Catheter  II 


Pseudomonas 
fluorescens  (3.3) 
Candida  albicans  (2.5) 


Pseudomonas 
fluorescens  (2.7) 
Candida  albicans  (2.4) 


Pseudomonas 

fluorescens 

(1.8) 


Staphylococcus 
aureus  (1.8) 


Candida  albicans  (3.3) 
Pseudomonas  aeruginosa  (2.9) 
Proteus  mirabilis  (2.5) 


Candida  albicans  (3.3) 


Pseudomonas  aeruginosa  (6.1) 
Staphylococcus 
epidermidis  (2.3) 


Pseudomonas 
aeruginosa  (3.4) 


Pseudomonas 

aeruginosa 

C2.9) 


Catheter  I  Staphylococcus 
aureus  (5.6) 


Catheter  II  Staphylococcus 
aureus  (6.5) 

Enterobacter  cloacae  (6.7) 
Actinobacter 
calcoaceticus  (4.7) 
Candida  albicans  (1.3) 


Staphylococcus 
aureus  (2.0) 
diphtheroids  (4.1) 

Staphylococcus 
aureus  (4.2) 
Enterobacter 
cloacae  (3.0) 


Staphylococcus 
aureus  (2.3) 
diphtheroids 
(2.9) 

Staphylococcus 
aureus  (3.5) 
Enterobacter 
cloacae  (2.3) 


Candida  tropicalls  (4.1) 
Pseudomonas  aeruginosa  (2.2) 
Staphylococcus  aureus  (1.7) 


Candida  tropicalls  (2.4)  Candida 

tropicalls  (1.2) 


c.f.u.  expressed  In  Log 
k'N.G.  -  no  growth. 


10 
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Table  12.  Temporal  Sequence  of  Positive  Blood  Cultures  During  TPN  Therapy 
In  the  Patients. 


Patient 

No. 


Postburn 
Days  of 
TPN  Therapy 


_ Positive  Blood  Cultures _ 

Postburn  Day  Microorganism  Isolated 


1  7-14  12,  14 

27  -  40  39 

2  3-7  5,  6 

3  13-15  14 

4  23-31  27 

28-30,  35 

5  14-22  15,  17,  18 

6  9-14  9 

11,  12 

13 

7  17-20  16,  17,  18 

21 

22  -  26  24 

26,  28,  29 

8  20-25  20 

20,26,28,41 


Staphylococcus  aureus 
N.G.a 

N.G. 

N.G. 

Staphylococcus  aureus 
Candida  albicans 

N.G. 

Staphylococcus  aureus,  Actinobacter 

calcoaceticus 

Staphylococcus  aureus.  Pseudomonas 

aeruginosa 

Staphylococcus  aureus 

Staphylococcus  aureus 
N.G. 

Staphylococcus  aureus 
N.G. 

Pseudomonas  aeruginosa 
Candida  tropicalis 


0 

N.G.  »  no  growth. 
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culture  for  Candida  who  did  not  develop  candidemia  or  bacteremia. 

Urine  cultures  were  positive  for  Candida  in  this  patient  at  both 
initiation  and  termination  of  TPN  therapy. 

In  our  next  experiments,  two  ELISA  methods  were  evaluated  for  their 
sensitivity  and  accuracy  in  detecting  Candida  antigens  to  aid  in  the 
early  diagnosis  of  systemic  candidosis  in  burned  patients.  The  ELISA 
methods  which  were  evaluated  were  the  double-antibody  sandwich  technique 
(85)  and  the  inhibition  technique  (86).  The  double-antibody  sandwich 
technique  involves  the  coating  of  cuvettes  with  the  IgG  fraction  of 
specific  antiserum  to  known  antigen,  then  test  antigen,  and  then  alka¬ 
line  phosphatase-labeled  IgG  fraction  of  homologous  antiserum.  The 
inhibition  technique  involves  the  coating  of  cuvettes  with  known  anti¬ 
gen,  then  residual  antibodies  (after  incubation  of  homologous  antiserum 
with  test  antigen),  and  then  alkaline  phosphatase-labeled  anti-IgG. 

The  Candida  antigens  selected  for  use  in  the  ELISA  methods  were 
homogenate  (H)  antigen,  cytoplasmic  (C)  antigen,  and  peptidoglucomannan 
(PGM)  antigen.  The  3  antigens  were  purified  from  _C.  albicans  CR-1473 
as  follows:  (a)  The  H  antigen  was  prepared  by  sonication  of  washed 
cells  followed  by  removal  of  solids  by  centrifugation  (87);  (b)  the 
C  antigen  was  prepared  by  sonication  of  washed  cells  and  removal  of 
mannan  from  the  supernatant  by  chromatography  on  Con  A-Sepharose  (88); 
(c)  the  PGM  antigen  was  prepared  by  alkaline  hydrolysis  of  purified  cell 
walls  (89). 

Antisera  to  the  3  antigen  preparations  were  prepared  in  rabbits, 
and  the  specificity  of  the  antisera  was  tested  by  Ouchterlony  analysis. 
Antiserum  from  rabbits  immunized  with  the  PGM  antigen  formed  2  precipi¬ 
tin  bands  with  all  3  antigen  preparations.  Antisera  from  rabbits  immun¬ 
ized  with  the  C  or  H  antigen  formed  multiple  precipitin  bands  with  the 
C  and  H  antigen  preparations  and  2  precipitin  bands  with  the  PGM  anti¬ 
gen.  Further  Ouchterlony  analysis  of  the  anti-C  serum  with  the  PGM  and 
C  antigen  preparations  demonstrated  that  one  of  the  multiple  bands  which 
formed  between  the  anti-C  serum  and  C  antigen  showed  complete  identity 
with  one  of  the  2  bands  which  formed  between  the  anti-C  serum  and  PGM 
antigen.  These  results  suggested  that  the  C  antigen  preparation  was 
contaminated  with  PGM,  and  therefore  serum  from  rabbits  immunized  with 
the  C  antigen  preparation  contained  contaminating  antibodies  directed 
against  the  PGM  antigen. 

In  an  attempt  to  remove  the  contaminating  antibodies,  the  anti-C 
serum  was  adsorbed  with  purified  mannan  covalently  linked  to  epoxy- 
activated  Sepharose  6B  (90);  the  mannan  was  purified  from  C,  albicans 
CR-1473  by  the  method  of  Peat  (91).  In  addition,  the  C  antigen  prepara¬ 
tion  was  further  purified  by  a  second  chromatography  over  Con  A- 
Sepharose.  By  Ouchterlony  analysis,  the  adsorbed  anti-C  serum  con¬ 
tained  no  detectable  antibody  directed  against  the  PGM  antigen,  and  the 
further  purified  C  antigen  contained  no  detectable  PGM  antigen. 

Our  next  experiments  were  performed  to  determine  the  optimal  con¬ 
centrations  of  the  IgG  fractions  required  for  coating  cuvettes  for 
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detection  of  antigen  in  the  double-antibody  sandwich  ELISA  method.  The 
IgG  fractions  of  the  antisera  were  prepared  by  ammonium  sulfate  precip¬ 
itation.  Polystyrene  cuvettes  were  incubated  at  37°  C  for  120  minutes 
with  increasing  concentrations  of  the  immune  IgG  fractions  (1  ng/ml  to 
100  ug/ml)  in  0.05  M  carbonate  buffer,  pH  9.6  (coating  buffer).  The 
cuvettes  were  then  washed  7  times  with  0.15  M  NaCl  containing  0,05% 

Tween  20,  pH  7.2  (NaCl-Tween).  The  IgG  coated  cuvettes  were  next  incu¬ 
bated  at  37°  C  for  120  minutes  with  alkaline  phosphatase-labeled  goat 
anti-rabbit  IgG  (diluted  1:500  in  0.1  M  phosphate-buffered  saline  con¬ 
taining  0.05%  Tween  20,  pH  7.2  (PBS-Tweeu) .  The  cuvettes  were  washed 
7  times  with  NaCl-Tween,  and  P-nitrophenyl  phosphate  (substrate)  was 
added.  The  cuvettes  were  incubated  at  37°  C  for  90  minutes,  and  the  re¬ 
action  was  stopped  by  the  addition  of  0.5  N  NaOH.  The  absorbance  was 
read  at  405  nm  and  compared  to  the  absorbance  of  the  negative  controls, 
in  which  cuvettes  were  coated  with  bovine  serum  albumin  (BSA) .  The 
minimum  concentration  of  each  immune  IgG  fraction  which  yielded  an 
absorbance  of  3  times  the  absorbance  of  the  respective  negative  control 
was  selected  for  cuvette  coating.  For  all  three  IgG  fractions,  this 
concentration  was  found  to  be  50  pg/ml. 

We  next  determined  the  optimal  dilutions  of  the  alkaline  phospha¬ 
tase-labeled  immune  IgG  fractions  required  for  detection  of  the  antigens 
in  the  double-antibody  sandwich  ELISA  method.  The  immune  IgG  fractions 
were  covalently  linked  to  alkaline  phosphatase  by  the  method  of  Engvall 
and  Perlman  (92).  Cuvettes  were  coated  with  50  pg/ml  of  non-labeled 
immune  IgG  fractions  as  described  above.  The  cuvettes  were  then  incu¬ 
bated  at  37°  C  for  120  minutes  with  the  homologous  Candida  antigen  at  a 
concentration  of  1  pg/ml  in  PBS-Tween.  The  cuvettes  were  washed,  and 
dilutions  of  the  homologous  alkaline  phosphatase-labeled  immune  IgG 
fraction  in  Fi;S-Tween  were  added.  The  cuvettes  were  incubated  at  37°  C 
for  120  minutes.  After  the  cuvettes  were  washed  again,  substrate  was 
added  and  the  cuvettes  were  incubated  at  37°  C  for  90  minutes.  The  re¬ 
action  was  stopped  by  the  addition  of  0.5  N  NaOH.  The  absorbance  was 
determined  at  405  nm  and  compared  to  the  absorbance  in  the  negative  con¬ 
trols,  in  which  cuvettes  were  coated  with  BSA  and  buffer  was  substituted 
for  the  antigen.  The  minimum  dilution  of  each  alkaline  phosphatase- 
labeled  immune  IgG  fraction  which  yielded  an  absorbance  of  3  times  the 
absorbance  of  the  respective  negative  control  was  selected  for  detection 
of  antigen  in  the  double-antibody  sandwich  method.  These  dilution';  were 
found  to  be  1:50,  1:100,  and  1:100  for  the  IgG  fractions  of  antisera  to 
the  PGM,  C,  and  H  antigens  respectively. 

Experiments  were  next  performed  to  determine  the  sensitivity  of  the 
double-antibody  sandwich  ELISA  method  for  detection  of  the  3  £.  albicans 
antigens.  Cuvettes  coated  with  non-labeled  immune  IgG  fractions  were 
incubated  at  37°  C  for  120  minutes  with  dilutions  of  the  homologous 
Candida  antigen  preparation  dissolved  in  PBS-Tween.  After  washing,  the 
homologous  alkaline  phosphatase-labeled  IgG  fraction  diluted  in  PBS- 
Tween  was  added  to  the  cuvettes.  The  cuvettes  were  incubated  at  37°  C 
for  120  minutes  and  washed.  Substrate  was  added  and  allowed  to  incubate 
at  37°  C  for  90  minutes,  at  which  time  the  reaction  was  stopped  by  the 
addition  of  0.5  N  NaOH.  The  absorbance  was  read  at  405  nm  and  compared 


to  the  absorbance  in  the  negative  controls,  in  which  cuvettes  were 
coated  with  BSA  and  buffer  was  substituted  for  the  antigens.  The  3 
antigen-antibody  assay  systems  were  only  capable  of  detecting  100  ng  of 
antigen.  The  apparent  lack  of  sensitivity  was  related  to  the  high 
background  absorbance  of  the  negative  controls  (0.59*0,12). 

In  our  next  series  of  experiments,  the  sensitivity  of  the  ELISA- 
inhibition  technique  for  the  detection  of  Candida  antigens  was  investi¬ 
gated.  The  optimal  dilutions  of  the  antigens  required  for  coating  cu¬ 
vettes  was  determined  as  follows:  (a)  Cuvettes  were  incubated  at  37°  C 
for  120  minutes  with  dilutions  of  the  antigens  dissolved  in  coating 
buffer  and  then  washed  7  times  with  NaCl-Tween;  (b)  each  antigen  coated 
cuvette  was  incubated  at  37°  C  for  120  minutes  with  the  homologous  rab¬ 
bit  antiserum  (diluted  1:1000  in  PBS-Tween)  and  then  washed;  (c)  alka¬ 
line  phosphatase-labeled  goat  anti-rabbit  IgG  (diluted  1:500  in  PBS- 
Tween)  was  added;  the  cuvettes  were  incubated  for  120  minutes  at  37°  C 
and  then  washed;  (d)  substrate  was  added  and  the  cuvettes  were  incubated 
for  90  minutes  at  37°  C;  the  reaction  was  stopped  by  the  addition  of 
0.5  N  NaOH;  (e)  the  absorbance  was  read  at  405  nm  and  compared  to  the 
absorbance  in  the  negative  control,  in  which  cuvettes  were  coated  with 
BSA.  The  minimum  concentration  of  antigen  which  yielded  an  absorbance 
of  3  times  the  absorbance  of  the  negative  control  was  selected  to  coat 
cuvettes  for  use  in  the  ELISA- inhibition  technique.  These  concentra¬ 
tions  were  found  to  be  1  fig/ml,  5  pg/ml  and  10  pg/ml  for  the  PGM,  C,  and 
H  antigens  respectively. 

Dilutions  of  each  of  the  Candida  antigens  in  PBS-Tween  were  next 
incubated  at  4°  C  for  16  hours  with  a  known  concentration  of  the  homolo¬ 
gous  antiserum.  An  aliquot  of  the  reaction  mixture  was  transferred  to 
cuvettes  coated  with  the  homologous  antigen  preparations.  The  cuvettes 
were  incubated  at  37°  C  for  120  minutes  and  then  washed  with  NaCl-Tween. 
Alkaline  phosphatase-labeled  goat  anti-rabbit  IgG  (diluted  1:500  in 
PBS-Tween)  was  added,  and  the  cuvettes  were  incubated  for  120  minutes  at 
37°  C  and  then  washed.  Substrate  was  added,  and  the  cuvettes  were  incu¬ 
bated  at  37°  C  for  90  minutes.  The  reaction  was  stopped  by  the  addition 
of  0.5  N  NaOH.  The  absorbance  was  read  at  405  nm  and  compared  to  the 
absorbance  in  the  negative  controls,  in  which  cuvettes  were  coated  with 
BSA  and  buffer  was  substituted  for  antigen  in  the  primary  incubation 
mixture.  The  percent  inhibition  was  calculated  by  the  formula  100  x  [1- 
(absorbance  in  the  test  mixture/absorbance  in  the  control)].  The  3 
antigen-antibody  assay  systems  were  capable  of  detecting  1  ng/ml  of 
antigen  dissolved  in  PBS-Tween.  The  sensitivity  of  the  assay  systems 
was  shown  to  be  identical,  when  the  antigens  were  dissolved  in  pooled 
normal  human  serum,  A  representative  ELISA-inhibition  curve  using  PGM 
antigen  dissolved  in  pooled  normal  human  serum  is  presented  in  Figure  10, 

Multiple  sera  from  each  of  the  8  burned  patients  receiving  TPN 
therapy  were  next  tested  by  the  ELISA-inhibition  technique  to  determine 
the  presence  of  the  3  Candida  antigens.  PGM  antigen  was  detected  in  the 
sera  of  4  of  the  8  patients,  and  H  antigen  was  detected  in  the  sera  of  3 
of  these  patients  (Table  13).  None  of  the  patients1  sera  contained  de¬ 
tectable  C  antigen.  Of  the  4  patients  in  which  PGM  antigenemia  was  de- 
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INHIBITION  (%) 


Table  13.  Detection  of  Candida  Antigens  in  the  Patients'  Sera  by  the  ELISA-Inhibition 


Technique. 


Patient  Days 

No.  Postburn 


Concentration  of  Antigen  in  Serum  (ng) 


Peptidoglucomannan  Homogenate  Cytoplasmic 


7 

27 

39 

3,  7 

7,  13,  15 

6 

13,  23 
30 

6,  14,  22 
5,  9,  14 

7,  17 
22 

26 

5 

20 

24 

46 


0 

55 

52 


*5 

0 

52 


0 

15 

10 

0 

0 

29 

55 


0 

30 

25 


0 

0 

35 


0 

45 

0 

0 

0 

18 

35 


0 

0 

0 


0 

0 

0 


0 

0 

0 

0 

0 

0 

0 
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tected,  2  developed  systemic  candidosis,  and  1  had  a  positive  catheter 
culture  for  Candida.  The  other  patient  had  positive  cultures  for 
Candida  in  the  mouth,  rectum,  bum  wound,  and  catheter  insertion  site, 
but  not  on  the  catheter.  In  all  of  these  patients,  PGM  antigenemia  was 
detected  after  the  initiation  of  TPN  therapy  and  persisted  until  TPN 
therapy  was  terminated.  In  the  one  patient  in  which  serum  was  collected 
after  discontinuation  of  TPN  therapy,  PGM  antigenemia  was  detected  dur¬ 
ing  that  time;  this  was  one  of  the  patients  with  systemic  candidosis. 

H  antigenemia  was  detected  concurrently  with  PGM  antigenemia  in  the  2 
patients  who  developed  systemic  candidosis  and  in  the  patient  with  the 
catheter  positive  for  Candida .  H  antigenemia  was  not  detected  in  the 
patient  without  catheter  colonization,  but  who  had  multiple  other  sites 
colonized  with  Candida.  These  results  suggest  that  H  antigenemia  cor¬ 
related  with  Candida  catheter  colonization  and  systemic  candidosis. 

2 .  Discussion 

The  preliminary  results  presented  in  this  report  suggest  that  a 
primary  portal  of  entry  for  Candida  during  the  development  of  systemic 
candidosis  in  burned  patients  receiving  TPN  therapy  is  the  subcutaneous 
tract  created  by  intravascular  catheters.  Systemic  candidosis,  occur¬ 
ring  during  TPN  therapy  in  2  of  8  burned  patients,  was  associated  with 
positive  catheter  cultures  for  Candida  and  Candida  antigenemia.  In  a 
third  patient  with  similar  numbers  of  Candida  on  the  catheter,  blood 
cultures  were  negative  suggesting  that  bloodstream  invasion  did  not 
occur.  However,  urine  cultures  were  positive  for  Candida,  and  Candida 
antigenemia  was  demonstrated.  In  addition,  suppurative  pyelonephritis 
was  reported  at  necropsy.  Thus,  disseminated  disease  might  have  been 
present  antemortem,  but  was  not  diagnosed.  The  importance  of  direct 
access  to  the  bloodstream  for  the  development  of  invasive  disease  by 
Candida  was  also  suggested  by  the  observation  that  no  patient  with  col¬ 
onization  limited  to  the  gastrointestinal  tract  or  bum  wound  became 
candidemic  or  developed  evidence  of  systemic  candidosis.  The  role  of 
the  catheter  as  a  portal  of  entry  for  Candida  is  further  supported  by 
the  clinical  observation  of  an  increased  incidence  of  Candida  infections 
associated  with  the  use  of  intravascular  catheters  (12-15). 

A  prerequisite  for  invasion  of  the  catheter  appeared  to  be  coloni¬ 
zation  of  the  catheter  insertion  site  with  a  threshold  number  of  Candida. 
The  3  patients  with  positive  catheter  cultures  for  Candida  had  from 
3.1x10  to  1.3x10^  Candida  colonizing  the  insertion  site.  Catheter 
colonization  was  not  demonstrated  in  2  other  patients  with  2.0x10*  to 
8.0x10*  Candida  at  the  insertion  site.  Thus,  it  appears  that  greater 
than  3 . 0x10  ^  Candida  may  be  required  before  catheter  colonization  and 
the  threat  of  bloodstream  invasion  occurs.  Our  results  suggest  that 
quantitative  insertion  site  cultures  may  be  an  effective  means  of  moni¬ 
toring  patients  for  possible  catheter  colonization  with  Candida,  as  well 
as  other  microorganisms,  and  for  determining  when  catheter  removal  be¬ 
cause  of  infectious  complications  would  be  most  appropriate. 

The  mouth  was  a  primary  reservoir  for  Candida  in  the  burned 
patients  studied.  Cultures  of  the  mouth  were  positive  for  Candida  in 
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60%  of  the  cases  at  the  initiation  of  TPN  therapy  and  in  90%  of  the 
cases  when  TPN  therapy  was  discontinued.  The  high  incidence  of  Candida 
colonization  of  the  mouth  was  probably  related  to  antibiotic  therapy, 
since  all  8  patients  had  been  treated  with  broad  spectrum  antibiotics 
within  7  days  of  the  start  of  TPN  therapy,  and  7  of  these  patients  were 
receiving  antibiotics  concurrently  with  TPN  therapy.  This  concept  is 
also  supported  by  the  reports  of  other  investigators  of  similar  rates 
of  colonization  of  the  mouth  with  Candida  in  patients  receiving  anti¬ 
biotic  therapy  (11,18), 

In  all  but  one  instance  that  the  rectum,  burn  wound,  or  catheter 
insertion  site  was  colonized  with  Candida,  the  yeasts  were  also  present 
in  the  mouth.  However,  not  all  patients  who  had  Candida  present  in 
their  mouths  developed  colonization  of  the  burn  wound,  catheter  inser¬ 
tion  site,  or  rectum.  The  presence  of  Candida  at  these  sites  did  not 
correlate  with  either  the  absolute  number  of  Candida  in  the  mouth  or  the 
number  of  Candida  relative  to  the  total  number  of  microorganisms.  Thus, 
no  definitive  conclusion  regarding  the  role  of  mouth  colonization  with 
Candida  and  colonization  of  other  body  sites  can  be  made.  However,  it 
seems  likely  that  the  drooling  of  saliva  by  these  critically  ill 
patients  onto  the  burn  wound  or  catheter  insertion  site  may  have 
resulted  in  colonization  of  these  areas.  Alternatively,  hospital  per¬ 
sonnel  may  have  been  the  vehicle  for  inoculation  of  these  areas  with 
Candida  during  the  performance  of  routine  mouth  care.  Suppression  of 
yeast  growth  in  the  mouth  by  the  application  of  topical  antifungal 
agents  may  reduce  the  potential  for  spread  of  Candida  to  other  body 
sites  and  thereby  decrease  the  potential  for  the  development  of  systemic 
candidosis. 

The  ELISA-inhibition  technique  using  a  homogenate  antigen  of  £. 
albicans  was  found  to  be  an  accurate  tool  for  documenting  Candida 
antigenemia  in  patients  with  systemic  candidosis  or  catheter  coloniza¬ 
tion  with  Candida.  The  use  of  a  peptidoglucomannan  antigen  in  this 
assay  system  detected  Candida  antigenemia  not  only  in  patients  with 
catheter  colonization,  but  also  in  one  patient  who  had  positive  burn 
wound,  mouth,  and  rectal  cultures  without  catheter  colonization  or 
positive  blood  cultures.  The  increased  specificity  of  the  assay  using 
homogenate  antigen  as  compared  to  the  peptidoglucomannan  antigen  for  the 
documentation  of  Candida  antigenemia  associated  with  catheter  coloniza¬ 
tion  may  have  been  related  to  the  fact  that  the  former  antigen  prepara¬ 
tion  contained  intracellular  or  cell  wall  antigens  which  were  not  pres¬ 
ent  in  the  latter.  Alternatively,  peptidoglucomannan  may  have  been 
present  in  a  lower  concentration  in  the  homogenate  antigen,  and  this 
concentration  was  optimal  for  the  documentation  of  antigenemia  associ¬ 
ated  with  catheter  colonization  with  Candida.  In  support  of  this  hy¬ 
pothesis  is  the  observation  that  the  use  of  a  cytoplasmic  antigen  in  the 
assay  system,  presumably  containing  all  of  the  antigens  in  the  homogen¬ 
ate  antigen  preparation  except  peptidoglucomannan,  failed  to  detect 
antigenemia  in  the  patients  with  systemic  candidosis  or  in  the  patient 
with  Candida  catheter  colonization.  Further  studies  on  larger 
numbers  of  patients  will  be  required  to  determine  both  the  specificity 
and  predictive  value  of  the  ELISA-inhibition  technique  using  the  homog- 


51 


enate  and  peptidoglucomannan  antigens  in  the 
candidosis  in  burned  patients. 


52 


CONCLUSIONS 


A.  Serum-mediated  inhibition  of  PMN  bactericidal  activity 

1.  Sera  from  3  of  12  burned  patients  obtained  during  13  to  56 
days  postbum  inhibited  the  bactericidal  activity  of  normal  human  PMNs 
when  tested  at  a  physiologic  concentration. 

2.  Decreased  PMN  bactericidal  activity  was  not  caused  by  defi¬ 
cient  opsonization  of  the  bacteria  by  the  burn  sera. 

3.  The  burn  sera  inhibited  the  phagocytic  process  and  thereby 
reduced  the  number  of  bacteria  available  for  intracellular  killing. 

4.  The  inhibitory  effect  of  the  burn  sera  on  phagocytosis  was 
not  dependent  on  bacterial  surface  properties. 

5.  The  inhibitory  effect  resulted  from  a  direct  interaction  of 
the  burn  sera  with  the  leukocytes,  which  was  not  associated  with  cell 
death  and  was  not  reversed  by  washing  of  the  leukocytes. 

6.  The  bum  serum  inhibitor  of  PMN  phagocytosis  was  non-dialyz- 

able . 

7.  The  occurrence  of  the  bum  serum  inhibitor  of  PMN  phagocy¬ 
tosis  was  not  related  to  total  burn  size  nor  to  the  amount  of  third  degree 
burn  injury. 

B.  Reduction  in  alternative  complement  pathway  mediated  C3  conversion 

1.  Reduction  in  alternative  complement  pathway  mediated  C3  con¬ 
version  occurred  in  burned  patients  with  total  burn  sizes  of  20%  or  great¬ 
er  . 


2.  The  most  marked  reduction  in  alternative  pathway  mediated  C3 
conversion  occurred  in  patients  with  large  full-thickness  injuries,  who 
had  infectious  complications  during  their  clinical  course. 

3.  The  abnormality  was  not,  however,  more  severe  in  patients 
with  pneumonia  and  bacteremia  in  comparison  to  patients  with  bacteremia 
only  and  was  not  predictive  of  fatal  outcome  resulting  from  infectious 
complications . 

4.  Dialysis  of  the  bum  sera  corrected  the  reduction  in  alterna¬ 
tive  pathway  mediated  C3  conversion  presumably  by  removing  a  low  molecular 
weight  serum  inhibitor. 

5.  The  burn  serum  inhibitor  of  alternative  pathway  activity  was 
not  recovered  in  protein-containing  fractions  of  burn  serum  dialysates. 

C.  Candida  colonization  and  serodiagnosis 


1.  The  subcutaneous  tract  created  by  the  central  catheter  was 
the  portal  of  entry  of  Candida  in  the  2  burned  patients  who  developed 
systemic  candidosis  while  receiving  TPN  therapy. 


2,  The  catheter  was  the  source  of  positive  blood  cultures  in  6 
of  the  7  patients  who  had  catheters  colonized  with  Candida  or  bacteria. 


3.  Microorganisms  colonizing  the  catheter  insertion  site  were 
isolated  from  the  7  catheters  which  were  positive  for  Candida  or  bacteria. 

4.  A  threshold  number  of  3.0  x  102  Candida  on  the  skin  or  burn 
wound  at  the  site  of  catheter  insertion  was  required  for  catheter  coloni¬ 
zation  . 


5.  The  mouth  was  the  primary  reservoir  for  Candida  in  the  8 
burned  patients  treated  with  TPN. 

6.  Candida  antigenemia  was  detected  in  the  sera  of  3  patients 
with  catheters  colonized  with  Candida  by  the  ELISA-inhibition  technique. 
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